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PREFACE

The Electronis Technology Curriculum Development Project (ETCDP),
the activities'of hich are portrayed in this report, was conducte0"vith
the thought that the results would be of value to all instructors and ad-
ministrators intefe,ted in programs.of electronics education for the
comprehensive-crnIIMUnity colleges and technical institutes. Most of the
electronics instructors of two-year institutions, with their heavy teaching
schedules and administrative responsibilities, do not have sufficient
available time to concentrate on subject-matter and curriculum development
that they know are needed to keep their programs updated. The ETCD
project and this report may alleviate this situation somewhat.

The contents of this report are arranged and organizedvith the
overriding object'Are to make it convenient to identify those chapters,

sections and topics. that are of special interest tp each reader. The
TabC Contents;, which is a rather complete outline, will provide A

reasonable guidance.

All recipients of this report will probably have an initial interest
in knowing4the thinking as,expressed.by each of the several individuals
who were 'directly involved in the project. Comments from each member of
the Project Staff are included as an integral part of.this continuing
preface. Concluding remarks by each member of the Steering Committee,
and other key personnel associated with the project, are near the end of
.the concluding,Chapter 10, starting on page 339. Refer to the Table of
Contents for other individualized items, reports and discussions that
may be of general hest.

Chapters 3 through 8 are devoted, essentially, to subjectmatte'll
content for the core courses of an Electronics Technology Curriculum
and, to recommended techniques of instruction, The earlier material,
through Chapter 2, is introductory in its content tO'describe the objectives,
scope and philosophy for the project.

The material and discussionsthrough Chapter 2, although introductory
in nature, represent a significant portion of this report. ,It "sets the
stage" for the major activities of, the project. ?The remainder, of the
report will have much greater value if the-reade'r examines this introduc-
tory material rather carefully.

Chapter 9 relates to facilities, equipment and costs. Chapter iu, the
concluding chapter, is devoted to some general suggestions and recommendations
pertinent to technical and,vocatidn programs in electronics education for
two-year institutions, especially for the comprehensive community colleges.

The three Appendices (A, B and C) contain detailed information relating'"
to summer institutes, conferences, visitations, multimedia sources, suggested
texts, references and a bibliography.

7,

/



This report shall' not be considered as a finished product similar

to a textbook. The project, we believe, has opened appropriately new. -

_doors to curriculum structure and to getting started in each course Such

that the student may experience the educational growth in electronics to A

match his aptitudes and interests and, at the same time, meeting the needs

of industry.

Contributions to the project have Come from many individuals and

sources. Refer to the Ackuolutedgment.5 immediately following this

preface. .

It has been a personal pleasure to have liad the op$brtunitv to be

professionally associated with such dedicated and outstanding electronics

teachers as are the members of the Project Staff and the Steering Committee.

Please "listen" to what each. member of the Project Staff has to say.

49ada:09,4;42.*-
Daniel S. Babb
Project Director

CONTINUATION OF PREFACE (BYPROJECT STAFF)

I. FROM RAY A. ENGELLAND. °

Careen 04 occupati.onat education (1a4 many 6acets and eevets 06 accom-

pUshments 60A the individuat who enAot.b in a cutticutum with occupationat

goats. Caiteeit pugums provide a means.60.t peopte to obtain gain6ut empay-

memt in various adtivitim ,atom the scienti.s.t to the semi- kitten

industAy.
9 o

Etectaonics Technotogy Education haz many 6acets and pkovide4 empeoy-

ment oppoAtuattits in many areas. The Etectkonics student, Awing the

deeision 06 his ti6e's wmk, needs an oppottunity to be exposed tt, the

many aspects 06 the etectuntcs industAy. The student who knows what he

04 she wants on anAivae as a 646shman student is the exception kathe4 than

.the. /Lute.
.... .

It :is mu opinion that Eeectunics Technology Education in any given

4ChOOt 04 anca showed be organized to p4ovide move than one-tevet

ttain,ing in electronics . When pkopentY'pkognammed, this wittatbw ate

students an oppo4tunity to. begin with coke courses which aitecommon to

sevekcus--0-6the etectwntsi0bspeetkum. TU. 6i.tst._cauase_in

impoittance, is a coutse ke6etted to as Intuduetton to Etectunics Tech-

notogy. The comse wi.te pkovide the student with the oppoittunity .to &can
.some 6undamenta4 concepts. and .to exptone the magnitude 06 the industny.

Fottowing .this course, the student showed now be 'steady to maize his own

decision as. to what tevet 06 the aectunicS job spectnum he wiet be

intemsted in putsuing.

vi .
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On the. communi ty co etege mid technicae ins titute Cevet this wi CC be
-7e,stticted to associate degree type-6 o6 EtectIonics .TecIznoeogy plogzams;
to .two -year ptoocuns wh.ich ate ecss !than COS oc4.ate degree tevet; and to
one- year p,togAams which meet .the steeds o6 tocat ilzdustty. The s tudent
who begins with tlig,s type o6 yackage has the oppottunity to "spin o66"
at various times .in the cwvi,ccueum wc.thout undue embattassment et Coss

,o4 time..
.

The package must provide a stonci amOunt o4 .technicat coutses .and
job tetated ttaining atong with enou-ili genetat courses,- to meet the basic

o
zeeds .o6 the student. This wiet. give the student o4 the two -yeat community
coCCege ot technicat in-stitute ain oppottunity to compete on equal ground

with anycy-ze elztet..ing the job maAket at .the scone tillle. It Ls. my sincere
4eceing that the cutticuCum devetoped by this project witt.answet the
needs oic the industAy and o6 the ,student.

o -a)/
Ray A. Engettand

II; FROM JOEL D. GALLOWAY, ASSOCIATE DIRECTOR,

You mite 6.ind th,cs. -repo tt committed to dividing the majon subject- oti
EC.ect)tonics Technueogy into -two cote COCO-Se aiteas: Eeectit.onies topics and
circuit cuzaeys.is topics. Why recommend tha approach So' tlze tiro yea' AAS.
iogtams?

The undeteving theme o4 the -educationat process is to devetop,kvowCedge
. and- shitts on the .pact o4 the student that wilt at,tow him to tewin on Iti,sa,

own. Engineeting techn ptog,tams, mote than .evet beiote., need to Izave
this theme buit,t ij th cceviicuttun. How ease can we ptepate. today' s
gtaduate .to adjust to , pid teclo=togicat changes?

.14 this theme, on`' phiCosoplp, is to be i.izcotpotated into a two ye.a/L
EtectitolLizs Technoto.gy ptog.tam, key 4acets o4 it must be. identi4ied and
structured accotdingey. The student, as (cett as the teacher, shooed be,
abee to see his way th tough the cutticutwn coats e maze. The student shoved
know that as he comptetcs each cou,tse he rite be abee to petactin eeTtain tasks
he. could not.have peA6o.k.med prior tak.019 the course, and that this wit('
assist him eeataing the next topic which wite ateote 114.m to pet6o.un at
stue anothet speci6ied teva, etc. At some point (ptesentty it is two
If ealUS in time and not at :some Cevet o4 pet4otonance) is identi4ied as
quatiSied to peticutm in .industry as an etect)tonics engineeting technoteg is t.

The questions -10.4a,tdi.izg..that must be kriairdui, au. IL otturzateey omitte-d,
in such a sitc-tt two-yeat cutticuewn must be tcsotved 610111 some hierarch(/
piriati,tie,s. 7 ,Scrod that s c Sting th..tough this hietatchy o4, ptietittes, the

,an,swek to two basic rues-tions iinp4oves decision making ptecess . These
-two que,stions cute: 16 the student tau tens th,i)s, that (vitt i.t attow him
to do? And,. can tie student be,st teatn this on his own, or a'Stek empeoyment,

-ot does it teatly tequite dittect ctasstq6m-Cabonatoky its trichina?

vii
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Lt',4 prom such a rationale that 1 Sind mifsee6 committed to, devceopinl,
a matheMaticOt 'stud!' o6 the basic ,scienti6ic pnincipeez pettient to .e,eec-
tnoic einc\uit anatysis. \ y

The tanguage, the hardware, and the devices with ate thein apptica- ,

Lions ane Aquatty .important, but .it .i)s ,6to his 'qi.tanattitative study 06 cincuit
anaeysis /that the' student devetops hi-s potentiat .to tecutn on Ir,i own. -It
is th.i4 background that pnovides the techique,6 .to te)soZve .ptobteri and to

.q.pswe.A. :Om Question's that he. wowed othetuize accept on 6aith, otgenenatize
.(n me qtati-tative m , i.anno

.....,, .. .

.. 'The et ectnonis ndwstny .i)s atways in a c.,..nstan,t stage 06, technitae
_ .tunMait. ;Veto., devetopnents b-hing new ..'i e q mi.., t em e n,i,- s 661. .technica pelsonnet.

Etectnonicz technotogy Cunnicueums can Make tagging adjuz-tmetts in te,uns 06
,handwaitt, in.s.ttumentS, deviLes, and echniqua. The stnongestatttibu-te
06 .these twd-yeah ptogiuns cowed be .the iluantitative'study 06 &Acts-it
6undan?entats. . . .

,
,.

Quite capab.ee etectnonicz teachers- have opposed this approach 604
vaatiou.S reasons, part 06 which tceate)s to that own backgtound and the
evatuation.06 theih students and related 4.ta66 membeitis.

Experience has taught me. .to never underestimate a dedicated teacher's
abititii Zeann and adiwst to the situation, and even mote impot,tant, a,
motivated ,student's potential to mcVsten a subject.

I wowed tike to thank Dan &LEAF, Jerky 6obtovo.eny., Dave Petenson, Randy
Thompson, Ray Engettand, the zteening comitittee riemEm t Patiztand Coteege
sta66, and ate 06 those ndividuats .that cooperated with us thnoughout the
year, Son the oppottunity to wotk wi.th thet dn this pto,jee,t.

Joel D.. Gattoway

III. FROM D. A. PETERSON.

Upon examination o6 this tepott, mite become apparent to the reader
that many changes en nevisions in the 'sequence 06 topics netuded in the
ttadi.tionat Etecthonics Technotogy have..been made. It mwst be emphasized
that these changes wene not made atbi-tAatily. The entite cote matet,iat in
the cunnicutum was ..scivaiized and bnoken into individuat topaz and concepts'.
These topics (+Jae .then cane6utey anaeyzed as to the teanning pnobtems. that
the 'student might encounter. As a tesutt o$ this canque examination, the
topics were then grouped, sequenced and "packaged" into units on counse)s.

Liir6TAttivartety-i--.4i-sEmpos-sibtaek titee41__adeit. in the. thought,
fontdocussion pometima heated) ,., hain pueti.ng and neva

into the development 06 the ateniat Sot this tepqnt. The teadet, i6 lie
could have been directly invweved, cowed then, ,i.denti.6y mote easity the
nationate -behind the. changes necomended int this tepon-t.



I

ich. o6 the. matetiae deveeoped has been ttied and .tes.ted in the class-
iooms and tabonatoties o6 the 'host institution and the Steeling Committee
,schoa-s. Duking the development stage., ideas (Vete adopted, tevised on

' sckapped on the bs' o6 4e4t.ctts. o6,"such .thiats:.. 4 .
,..

.1n .additi'on the matetate has been ,SCAnti.mized by many teat-Ling in-
s.tkuctok-s 06 E.C.e)c.t.konics Te*atogy actoss the countty. It is hoped the
saque.hce , 6 and the emphasis on cettain topics mitt be cateSatey Considened.

. ancl.h0PeAuACy acicxpted on a tti.at basis even _though they may seem to be ' .
scwen.e. dePaiztwtez 6no a .Viaditionat appkoach. .

--,
,.

At .thi,s point, it InttSt atso. be. noted :that :the. mateniats plesented in
. . . ..

this 'ne.Patt ate: itcyt *comptete packages that can be. used as kecidy-made.
.cooksm. .The. tabolatoky expetimenti., handouts and pteseta.t,ions ate
metety ,exampees o6 how the. job mi.ght (yea be. accodpti.shed with maximum
success. .

. .
4

. .
. .

. Thnough an examinati.on o.6 these sampte. mcotetiaes, perhaps the, ph.i.0 os- .

°pity, guide,tine.is, and commithients -that dineated the e607-ts 06 the Project
Sta66 tlikough .the. 6ikst tiviee phases og the. project toiet become appaent. . ...
Thizphiecq,opliy is pethaps the majot thing that the. nepottt attempts to

e se:C.C. . . *. . ..
\

- ' ..
. In this nespect, the. tepott compnizes a chateen e. to the. etectitoies

. .i.n,s,ttucton to exitic;zUy coo-Coate his own contec um, the techigoe-s and
methods o6 insttuction cattetey empeoyed. . 0

. ., ., .

. . Fihatey, on .a pensonitt note, I Li...Isir to convey my teactiong legakding
-the. Eteettopicz echnoeogy CuyticutumDeve-eopment Ptoject. As a sta46
thembgt oil the pnoject, I had the oppottunity .to wolf?. with sevenat oA the
mos.t a6te, committed and thought6ue men in the. pnoiession. Common e..6ott
with Dan. Babb, .Joe.t Gateway, Radt! Thompson, pay. Engettand and the 146mb ,ts

.t.)
,o6 .thet Steeking. Committee, have. tesutted- in a oteat pevsond: respect 60.
each .06 them as teaChets and teadets ; which hal engendeted an even. dee- et,. _ ..
coml.-ambit thait ,i)s pnbbabty;liegeete(i Lit the. "Le.p0At. - -:

D. A.' Peterson ."

fo.

I

IV. FROM RANDALL T1101PSON.

The. impottance oti e 5ective utilization otr, insttuctioae techniques
and mateiats cannot, I)! civet:, emphasized., A q'uati ty. eteetton 'Les technoeogy
pkogkam tequitu eSSecti.ve:teachi.ng-teanni4 metheds and 'matetiats that "ate.
integnated with a (vet sttuetutedceasviootiltpd t'abotato-ty cattieueum. .

1;1,st:we-to ti must become. awake 06 the .belie6i.ts to be gaited by the appei-
----------turrvii--e-6-6-eeti.ve_in,..V.smLetiona,e techniques and matoiats and be stimutated

.to use them, and to4get' mid 06 BieTtite.6-6-eetive-ones cattentey being used.
,

!ft
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Bec&wse_o. the hea.Z.Ziati.on that an iittegtated appnoach mutts be used

in the -ceeetkonics .technology pugnam, ETCDP has concentrated on the cote
e.woz,ecueum and the insttuctionat Kateniata and techniques. ,ikeded to meet
the objectives o' the cuite coutses.. Chapters 6, 7, 8 and secti.om q6
the Appendix contain isz,6otmati:611 that .L6 pkimatity concerned with iiiattue-
tionta. techniques and mateti.ats which ate appticable to EZectkonics
Technotogy and should be givklz .catAuZ considen.a.tion.

Induded in these thaee chaptets (in addition to di-scLiSsions on such
techniques. as audio-tut mime, computers-asA6ted, closed- citcwit TV, etc.) ,

ate sample, Fontn.an IV Cop:paten pug/Lewis audio-tutokiat Zes.sons, -etectitontc.
cateutaton pnognams and otheir..mateniat:6 that teta,ted to the. cone
cowr-se,s. In the. Appendix arse eC.116.titutti.onat mateiu:ats that include ti.sts
o4 16 mm 4.iints .bni.e6.deiscAiption s , Supers -8 closed too)) kiln
commekciat Zlide.;-tape. on 6ionstitip-tape. Ze6.6011.6, and_sztggested teas'
and teietences" .including those lion Ci/Leuits, eeectitortics , mathematics,
physics; handbooks, and ptogtammed textbooks.,

The inst-Luctioncie .teciu and mateiziatz presented in this tepott-
ct,te by- no means inclusive and arse onty examples 66 tlx,,e techniques and
matetiats that ate: available. Any omiazion names, products, on Inate/Liat6
is pundy .unintentional, i6 not an imposaibte task.. The exampled, mateti.cds,
and ideas ptesented ate .only a beginning and ,additional teseaAch, Avdop-

tt, and expetimentation needs to be. conducted to .improve the teaching-
Zecoining process t.,z e ecttonics technotogy.

No single iimaucii.onat .tichnique can save evetzi pubtem on .pnovide
the best .canning expo fence 6on every student. The inst./we-tot must not
use new techniques to isimpZif be- up with- the times and- exclude att oth)1.6,
but nathek to use techniques where the(' .move the most *e.66ective means o6
learning liOn the student. Each student is an .individual and the.
tesponsibititti o6 the., instAuctot to,..ptovide the. oppontuni,ty that .Luti.tt.
aStow each, student to achiev;t:2 (.ztteist capac,ittp:

The flamber people who have been so lzetp6ut, tiveoughout the pnoject.
activiti.es it3..oveA.-whanzi.itg, and sinceite *13/meiotic/it us 066eted to each

__one 404 the satvices .Penionat appneciation '14 extended to
Dennis DeCoste, flezdett-Packard Company, Nat B. Gta6, Wang Labonatoniei s, .-
60h the demonistAationa Laing dectlionic catcutaton a. Additional than/21,
to Wang La:vitaton,zu bon the loan o6 an electronic catcutaton. Son the
summer institute. The summet izzsti,tute sekinat on inachine .language by
-Edizt Bzuzzlett, Digiac Conponation, and Pact Collins, Aidex Cotpokati_on,
was very much appreciated.

. .

:ac tiv.ities
The oppoP.tunt.ty to pantici.mte, .this ETCR project and -its related

haa been a most chattenging and k&uatdi.lig expetience. 1 itioutd
tike to extilLe.aa my aincene app/L4iation to the °then inembetz b4 the pnoject
6 ta 6 6 , ste ming committee, summit insti-tute.paitticipants and to the.mantf
others who have made- contributions. Jt Iwo indeed been a pteasune to !Ye
associated with such a dedicated peon a6, Dan Babb on the activities
i.xeceding and dunning -the 6-that pnepanation tizis tepo)a.

. le"vigiege
Randall Thompson

X
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, -

not be aware of it, but their contributions through many'informal and
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1
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Special thanks are ext ended to Lynn Baker of McGraw-Hill, to Merl
Miller of Prentice-Hall and to,Larry Hager of International Textbook
.Company for the much appreciated social. hours at the conference.

Many publishers have provided valuable assistance in furnishing
informdtion on recent publications of value to electronics education.

ETCDP SUMMER INSTITUTE PARTICIPANTS:
.

The twenty-four participants are identified on/page 350. TiAe eight-

'week period of associations, academically and ;lot-se-academically, provided
plenty of opportunities for exchange of views and the development of
technical materials. Many of their views and subject-matter developments
are a part of this rport.

O
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INOSTRY PERSONNEL: rt
Refer to page 217, a section on "USing Media to Bring Industry to the'

Classroom." The industries and personnel involved in that project are

acknowledged there. Thanks:to everyone involved in this very worthwhile

propct: .

. .

, Many industries gave' outst'andingcoopeTation and assistance in the

ruse of special. instruments and equipment., Thanki to Dennis J..DeCoste

of- HeWlett-PaCkard,; to Neil'B. Graf of Wang.Laboratories, Inc.; to
Peter L. .Collins of Aidex Corporation and to Earl E. Burnett of Digiac-

Corporation.
. 4

VISITATIONS; i
A number of colleges were visited by one or more members of the

Project Staff. The e colleges and technical institutes are identified

__Gp_page 353. Special thanks are extended to the many teachers and
ftdmIniStratori of these instituti9ns who were such graciouS hosts and

'prOided us with needed information and ideas.

THE-REPORT:
. ,

. .
.... - Speciat*knowledgmeni must go, to Mr. Randall Thompson, of the

Project Staff, who assisted diligently.and professionally throughout
thelast phase of the project- -the preparation of this report, into its

final form. Much of his time and talents were above the cal0l of dutylD
as-he received-no compensation from the projeet because of an ERDA ''

FR1-lowShip. .-'-'

-Special thanks are extended to the staff of the Publications Office
, .

of the Department of Electrical Engineering at the University of Illinois

ilt:Orbana-Champaign. Several hundred copies of a 400-page geport represent

-------:-7a---lot-of....editng and -paper handling. .

Most of the.art work-far-the-report was done by. Mr. Allenlawrence,

a graduatestudent,inlIectrical Engineerft-at-the UniVersity of Illinois.
The major, portion of the report was typed by Mrs. Patricia Rowe, a faith,

fill secretary throughout the project.. :

S

R. DEANE BRADLEY: -. .

Mr, R. Deane Bradley, an Electronics InstrUctor at Parkland College,
resigned to take. another positiOn after serving on the ETCD,Project Stiff.

. during the early-months of the project: y.Mr. Bradle provided valuable

w... -contributidhs, especially in the-area of Instructional Technology.
--.

LOUIS MAZE:
t.=

Mr... Louis Maze, Electronici Instruttor at Triton College, River Grove ,
..-4,,,:.- --

.

Allinois, contributed his most_valuable talents. and time to the project.

., Ale paiticipated in many of the monthly meetings of the Project Staff and .

Steering Committee and prov;ded assistance on several special. occasions.
.
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OPERATION OF PROJECT'

The.Efectronics Technology Curriculum Dcvel-

-opment Project fETCDP) is a cooperative endeavor

involving seven Illinois two-year Colleges and

the University of, Illinois at Urbana-Champaign.

The \seven colleges are identified in the front-

mattei of this.report.

The- University of Illinois at Urbana-Cham-
. =

paign is the gharace of the project with Park-

land College as the host institution. Each of

the-other-six-paiiticipating colleges have a

representative on a Steming Committe4.. The

personnel for the steering committee, the

Project Staff and Administration are identified

in the frontmatter.

The seven-junior-tolleges-und-the-University

-of Illinois are *ithin agpogLaphical area to

permi.t._convenience of travel for meetings as

necessary. Four.of the junior colleges are in

central Illinois, and -three of the colleges are

in north central Illinois. The greatest distance
.

separating' hese colleges is about 180 miles

with .Interstate. This geographical convenience

is aitipulation fdr the project.

PROJECT OPERATED 111 FOUR PHASES

A cooperative project of this kind is re-

quired 6:operate in two stages. It shall have

pZann.ing stage followed by an Academic yeah,

as-a minimum suggested time. . . .

In the original proposal to the National

Science, Foundation, the project was set.up to

operate.in three phases. A fourth phase was

added, with approval, after the project was well

along in the work. 4

.

,The four phases, with time intervals speci-

fied in parentheses, are stated below:

Phase I:- Planning Stage (August 8 to Sep-

tember 7, 1969),

Phase II: Materials Development Stage (Sep-

'tember 8, 1969 to June 20, 1970)

*NOTE: Refer to Chapter 2 for mote detailed

Phase Summer Institute Sthee (June 22

to August 15; 1970)

Phase IV: Dissemination of Information

Stage (August 15, 1970 to Febru-

ary 28, 1971).

Phase 1, The Ptanning Stage

The first two weeks of this period were used

to organize the activities of the Project Staff

for the total project. This involved decisions
1

on individual, responsibilities, establishment

of a common philosophy, nature and extent of

materials to be developed, administrative pro,-

cedures'and a consideration of all -facets of

-the-project:

A two-week workshop involving the Steering

Committee and, the Project Staff was conducted
. -

at the University of Illinois at Urbana-Cham-

paign. Special attention was directed to the

diA peas one core courses (identified later

in this Chapter) and related problems of an

-Electronics Technology Curriculum.

During this planning stage, it was also

necessary to arrange working agreements, fa-

cilities and financial, between the University

of Illinois and Parkland College, the host

institution, in preparation for operations in

Phase II and Phase III.

Phase II, The Mateniats Development Stage'

The Project Staff, housed in facilities pro-

vided by Parkland.gollege, Champaign, Illinois,

used this period to develop subject matter .

content; to develop instructional teOniqbes,

and to consider problems relevant to Electronics

Technology'Curriculueproblems. The major ef-

fort was irectUd-to-the six( pleas one courses.

Once a month, starting in October 1969,
,-

joint meetings of the Project Staff and the

discussion relating to project activities.

2

'22



Iteerifig Commiteee were conducted. On.a.rotating

basis, a member of the Steering Committee was_

chairman of these sessions with his-college

serving as the host. These were one-and-a-half

1 -Jay sessions with an evening meeting followed

. by an all-day meeting. -To avoid conflicts with

TA43
individual responsibilities at their home insti-

.4

tutions, these sessions were conducted"near the

end of the, week and quite frequently on week-

ends.

During these joint meetings the Steering

Committee members reacted to the arterials and

reports presented by the Project Sta'f and

provided continuing guidance. Concepts and

materials presented were applied to the classroom

and-laboratory activities of the various colleges,

when appropriate to thicourses then in their:

schedules': .

Summa Insitute Stage

.TWenty-four experienced electronics instruct-

ors, from junior,Colleges and technical
-

ttles,,Were selected to participate in a Summer

Institute. These participants and their colleges

are identified in the Appendix of this report.

Information from the brochure for this Summer

Institute.is also reproduced in the Appendix

to reveal the objectives and content of the

summer-session.

The participants of theSummer Institute

served the dual role of student and consultant
%

for the project. In the first few weeks, the

Project-Staff presented Materials, concepts and

instructional techniques pertaining, directly

to the activities of the project.

As consultants, they performed a valuable

role to the ptoject_by presenting their own

personal viewpoints and approaches to technical

topics of considerable significance. As a

group, a great amount of valuable material was

submitted to,the project. Much of their mate-

rial will appear in this report.

Th6e IV, V46emination o6 Inpuation Stage

Initially, the project was scheduled to

terminate on August 31, 1970. Along about in

April, because of the amount and coverage of

material prepared, it became evident that it is

difficult to conduct the summer institute and

prepare this final report as a worthwhile

"Teachers Guide" by the scheduled date of

termination.

The terminating date was therefore extended

-to February 28, 1971 to allow the needed time

to review, assemble and prepare materials for.

this report.

The Project Staff and the Steering'Committee

were, however, officially.terminated on August

15, 1970. .The.w6r ing staff for this Phase IV

consists of the F.roject Director. (Professor

Daniel S. Babb)-,, Randall Thompson (Formerly, of

the Project Staff) and a part time secretary.

ELECTRONICS TECHNOLOGY CONFERENCE

As an importantt relement in the plans for',

the project, a three-day Electronics TechnologyA
Conference (on a self-supporting basis) was '

conducted on February'26:28, 1970 at

Champaign, IFlinois. SoMe of the details of\l,

the conference are presented in the Appendix.'

The attendees at the conference (Electronics

teachers, administrators and industry personnel)

represented approximately 33- states and Canada.

The piimary purpose of the conference was to

obtain some rapid feedback and reactionson the

activities of the project from knowledgeable

individuals on a broad geografhical base. From

the many positive reactions received, the'

conference provided tremendous encouragement to

the Prbject Staff and the Steering Committee.

CONSULTANTS

Plans were incorporated in the project

proposal to obtain guidance and reactions from

experts in the discipline of Electronics Tech-
-
nology as consultants to the project, The most

convenient and ,.orkable solution to this ob-

jective Was for the Project Director and

members of the Project Staff to make personal

visitations at a number of colleges in several

3



states. In this way we could obs6.rve curricula

and a number of staff people.ijoperation at

tkcir particular college enviiOnments. About

20 colleges in 9 states, outside of Illinois,
Were visited during the project. The 'Colleges'

and technical institutes/visited ai'e identified

in the _Appendix.
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SCOPE' AND OBJECTIVES

ELECTRONICS TECHNOLOGY CURRICULUM

Atwo-year Electronics Technology prog

can be.broken down into four majordipsions:

1. Fundamentals of Electronics and.

circuits theorytheory (core).

2. Specialized courses in electronics

(options). r

. 3. Mathematics and.1§cience courses.

4. Nontechnical Courses.
.

Each of'thesb four areas is.approximatchT

one-fourth of the total curriculiim., See

Ch4teel for sample curriculti.

Vs

SIX CORE. COURSES IDENTIFIED'

.The activities. of the Electronics Technology

DeVelopment PI-eject (ETCDP) are directed, primar-

lily,.to the.core courses.rof the curriculum.
,s

.The coredourses represents a sequence, of major

.. topics in the area of CiAcuit Theony and in thd

area of Fundamentatz o6 Etectunic4. ThroughoUi

this
. .

rcport the theory courses in circuits are,'

identified as: 4

Resistive Circuits.. *
sSingl-Time-ConstantCircuits

Networks
.

.
Sec Chapter 4 for detailed discussion oT

these courses.

The courses for.the aotive'circuits are

o identified as:

Resistive Electroni

Electronics

Cinoar Electronics

SceaChapter S for detailed discussion of

these courses.

The six core courses will be identified as

above in either a six-quarter plan or a four-

semester plan: Their contents, however, are not

identical. Primarily, in comparing die two

programs, there may be only a shift in the start-

inand terminating topic,, for each course.

-S

A PARALLEL - INTEGRATED STRUCTURE REQUIRED

A parallerntegrated structure of the

'theory and mazhematics.coUrses became possible

in an Electronics TechnOlogy curriculum through

le,seqmenceof,circuits courses (1).'

CiActlingte-tone-Constant CiAcuit,5 to

Netco4U, and through a sequence OfcOuries- in

the fundamentals of electronics of Reaibtive

Efectaiea .to Put5e,Etectunica'to Unecut

Rea/tonics.

The details for each of these courses '

constitute. a major time-consUminvetfort.for'

the project. The nature of these detailed.
a . '

studicg-and developments will be presented in

this report, Basically, the first%course in

,each of the two sequences requiresa minimum

of background in mathematics. Rebigtive

.Ckcults and Resative Etecttonic4, for example,

require a kilowledg0 of algebra'andthe elements

of.trigonometry. 'The second courses in the.

sequence, STC Citicuit4 and.Putze Etect4onic4,

have the added requirement of only the elements

of calculus.

Courses in circuit analysisand the

fundamentals'Of electronics, when sequenced°

in this way, mean that the first course in

circuits, Resistive Ci/icu214, can be presented ,,

in the very, first term of a 4-semester pldn,

Or ,in the second.termof a 6-quarter curriculiT.

Rubiati.ve Etectunic4'the first of the

tronic's sequence, usually follows Resistive
Y

UICaLtA trAt may be directly in parallel with

it, if necessary.

A sample program willillustrate a

curriculum structure along the Hiles outlined

in the preceding paragraphs. The-one sho4n

is that of Parkland College, Champaign, Illinois,

the host institution for the project. The
.

six core courses arc identified as ELT 111, 112,

211, 102, 201 and 202 in the Parkland College

program. .

7
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- SIX COURSES PLUS ONE
p .

ere ma> be an occasional reference, in

*

this report-, to 'the "6 + 1" courses. The addi-

tional one-has reference to an "Introduction to

Electronics Technology" course which we have!.

chosen to isolate from the six core courses. It

is _identified as ELT 101 in the Parkland College

program. It is givenseparate treatment in

Chaptei 3 of this repoft.

* This one course, when offered, is scheduled

int-the-first term: It has the One important

purpose of introducing the'studsnits to the
.

,fierd,of.electron'ic technology without getting

too involtred on p quantitative basis. The

course is consideredessential to the' full

Success Of a curriculum. There are different
_

,./approacheswhich will be outlined in Chapter 3.

The then, is inieolved with seven'

'courses not .ix.' This was indicated in the

original prOposal for the project.
X

4

4

THE CORE. COURSES LEAD TO OPTIONS

Concentrating on the six Core courses (+1)

is considered important since these basic

courses can lead to,a number of options, either

as institutional options or as student electives

where enrollmentis'sufficient to warrant stu-

dent electives.

A number of possible options are listed below:
4.

(An institution would select one or more of these

father than try to cover the whole field)

Communications

Computer Electronics

Digital Electronics

Power

Instrumentation;

Electro-thechanical

Medical Electronics

Control Systems

For the most part, the six core courses Can

satisfy the special needs of any one of the

options. Some modifications may be appropriate'

in the third circuits course only and in the

third electronics course only. This point will

be discussed in the report.

OBJECTIVES OF THE PROJECT

The scope of the project as outlined' to this

point suggests the objectives for the,project.

These objectives are stated brieflj, here as

general objectives and as specific objectives.

The ,Genehat Objectives

The project has two general' objectives.

They are:

1. To develop subject matter and

instructional techniques for the

44.x 0(24 one core coulses.

2. To consider the -total educational

needsfor .two-year associate degree
(

programs,_especially those needs

that exi%t in the environment and

philosophy of a Compitehen6ive.

'CommuZty College.

SpeaSic Objectives

The specific objectives for the project are:

1. To develop those concepts and tech-

niques for each course that are most

important to .the success of that

course and to the total curriculum.

2. To find techniques of getting the job

done in the six core courses, which

require a mathematical process,

without unnecessary mathematical

burifens.

3. To discover some practical ways of

'bringing the real world of industry

into the classroom.

4. To discover and recommend techniques

to take better advantage of modern

electronics calculators and computer

facilities.

To discover and recommend techniques

to take better advantage of available

media, including individualized in-

struction.

6. To recommend alternative approaches and

structures for the total two-year

curriculum in electronics technology.

7
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eim P TER 1
pEVELOPMENT,5I "PRECEDING THE --PROJECT

. 4

It doubtliut that 6,Lnanciae zuppontwoutd be given.liot.

a project o6 thiz Hind, on that it'cou.td even be teazohabty

productive, without extenzive development wo'th weeding zuch

a puject.

Oven therpaZt tvietve yews the UniveAziiy o6 IttLnoiz at

Urbana-Champaign haz provided the academic etimate.and-liaciatiP,61

bar intetezted 4ta66yembertz to become act ivety invotved in tech:,

nicat education 661,,the junior cottegez and technicat inztitutez.'

A committee,/through which 4igni6icant contAibution4 have

been Made, wail 6mmed'in1959 and identi6ied'az the Engineering

Technaeogy Cuniticutum Advizoty Committee. Throughout exiz-

tence; Pto6ezzot Jenny, S. Dobtovotny, Head o6 the Gene/tat Engineer',

ing Department, harp zenved ass the chaiAman o6.thi4 committee. One

(Liz papero ematted, "Univeuity Invotvement in Technicat

Education" L ptezentedin.thiz chapter.

°then mate72atz o6 the chapter aAenetated .to the phit04-

ophy and Aptuctute o6 Etectunis Technotogy cuvricutum deve'oped

overt. a period o 6 zevekat yeaA4beliote the puject. The Puject

Ditectox.ha4 been dinectty invotved in these zpeciatized deve2-

opment with the azziztance and zupportt o6 a number'. o6 Etectkonic*

Technotogy ,teachero white they were partticipantz in zummen inzti-

tutu and /on academic year'. inztitutez zupponted by the National

Science Foundation. The/se advanced deveeopment4, becauze

certain unique and innovative lieatunez, have dictated the need

bon this puject invotving zevetat junior cateege4 and teathertz.

t>
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THE CHANGING TIMES FOR TECHNICAL EpucATioN

To appreciate the significance of the three

curriculum structures as outlined in the follow-

ing sectiion's of this chapter, it Seems important`

to go back in time about ten or fifteen years

and review the trends and developments in tech-

nical education with special attention to the

Electronid Technologies.

The concepts of technical education have

,been around for a long time. Before the 19681.s,

however, these concepts uere larger restricted

to engineering wlieges and the technical insti-

tutes, - primarily the private technical insti-

tutes. For the most part the junior colleges

then,in existence were largely concerned with

transfer programs to senior colleges and univer-

sities. A number of states did have area

vocational schools.

With the technological developments of the

19SO's, it soon became apparent that a secondary

school education would not be sufficient to

obtain gainful employment for the remainder of

one's lifetime. The vocational and technical

manpower needs of industry.were becoming too

great.in comparison to nontechnical job opportuni-

ties.

lalth the Federal funds made Available for

vocational and technical education, it was the

secopari school district that provided much of

°the RoAst-Otgh-Schoo.e training as best they could

while State Plans were being developed and

legislated.

What happened, in these early stages, was

that these Post-High-School career programs were

largely vocational and terminal in their contents

and objectives. Such objectives and limitations

were probably appropriate for the times. During

"this period, hOwever, something was happening

in the senior colleges to create even wider

gaps in the technical education spectrum.

..

10

UPGRADING IN ENGINEERING CURRICULUM

A trend to upgrade electrical engineering'

curriculum (all engineering, for that matter)

began in the 1950's and is continuing to this

day. An Engineming Goati. Stu:Iif came up

with the strong recommendation (not implement-
,

ed, as get) that the first degree shquld be

the M.S. degree, not the B.S. degree. This

Was dictated by the technological develop-

ments which required more highly educated

engineers and scientists. Design and how- -

to-do courses were replaced with theory

courses. Larger and larger numbers of

engineering students were continuing their

education to higher degrees. Evdn though

they were in great demand, still industry

became very concerned about the-hole-to-do

gap that was being,created. The new kind .

of engineer. and scientist was creating the

need fOr Enginceting Aid6.

In recent years, the Comprehensive Commu-

nil:), College is recognizing its concept of

comprehensiveness through programs of Tech-

nicat Education as well as Vocationat

Education programs.

ELECTRONICS TECHNOLOGY-VS-VOCATIONAL ELECTRONICS

,No matter how they are now identified,

or may be identified in the future, there

are two kinds of programs in electronics

education, (discussed in more detail in

Chapter 2) both of which arc needed, in two-

year colleges. Essentially, one is math-

science based and quantitative in nature and

the other is more qualitative. One is more

educationally oriented and the other is more

training-skilled oriented. One is concep-

tually oriented and the other is more labora--

tory hands-on oriented.

s-.
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CIRCUIT ANALYSIS- -THE KEY TO ELECTRONICS TECH-
.

maw. .

Electronics education involves a knowledge

and of syStems. Systemsystems require

a gnowledge-of irc t nal sis Circuit aal-

ySis is a mathematical prpZess The mathemati-

0
cal proces involves the.elements Of-calpulus,

differential equations and LaPlace transfopii:
. *l
Since electronics technology involves

circuit analysis; the problem thA existed in

curriculuM structure was finding a way to get

the jqb doha in two-years while the stUdentis

still in the process of getting the.needed back-

ground in mathematits..

This dictated the.concep 'Of nesiztive

cuLtA as the first course and STC a/EMU:6 as

4

4

4

ce

,7

1

e- .

4

.

.

the Second course. This approach was suggested

in the 1964 Electronics Technology curriculum

guide which is :reproduced in part only) in this

chapter. Until this date (1964) textbooks on

circuit analysis only hinted at such a structure

fora curriculum. The Project Director wrote the,

,first book devoted to resistive circuits only

and had 'written several chapters for a proposed

e*kt-on STC circuits .before the project started.

Certain memb-ers_of the Project Staff and the

Steering Committee_assisted with these. devel-

oPients. The project has served a valuable role 1 -.

. 0
in the continuation and implementation of these

early developments and related concepts in an

electronics-technology curriculum.

.
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THE ELECTRONICS TECHNOLOGY CURRICULUM
(SIX-QUARTER PROGRAM)

The discussions and materials on this and the ext-few Tpagirg-iiq--

taken from an Electronic Technology y-bulletin identified as "Engineering

, Technology Series No. 3, 1967" developed at the University of Illinois

at Urbana-Champaign. Participants from two U of I Academic Year Insti-

Lutes (1964-65 and 1966-67) for eledtronic teachers, supported by the

National Science Foundation, were actively involved in the preparation

of the total material of that bulletin. Only a small portion is re-,

produced here.

In the order of presentation, the following material covers:

Objectives, unique features, the suggested' curriculum, curriculum

summary by clock hours.and credit hours and a flow chart (Fig. 1) for

mathematics,'circuits and electronics courses.

,

PROGRAM, OBJECTIVES

The two -year. electronic technology curriculum
4

- is constructed to meet the specific objectives

of an engineering technology curricultim. These

objectives were presented in preceding para-

graphs. The engineering technician should have

-a broad range of competinces. He should have

the abilities to design,'assemble and test elec-

Ironic,circuits. He should have the ability to.

assist engineers and scientists in projects of

development and research.

This tWo-year, electronic technology curricu-

lum-is constructed as +a fundamental and practical

type of, program to satisfy the prerequisites

that will ilualify the graduate to perform job

functions in.any on9 rf a number of options such

as cqmmunications, control systems, computer

design, computer applications, industrial elec.-,

tronic drafting, logic systems, circuit. design,

system testing and measurement techniques. An

additional one or two quarters for purposes of

further "specialization and continuing education

is strongly recommended.

An electronic technology curriculum should

have a proper balance between theory and prac-

tice. The theory portion of the program re:

quires a working knowledge of mathematics

through calculus along with some differential

12

31.

ti

equations and an ability to analyze a. variety

of circuits. For many years mathematics has

determined the sequencing of topics in the

circuits and electronics courses. The prac-
.

tical portion of the program requires a knowi.=
-44

edge of instruments, testing and measurement_2

techniques along with an ability to recognize

and solve practical problems as actually con-

fronted in industry.

UNIQUE FEATURES

The curriculum is designedato meet the

Objectives of the two-year six quarter program.

The complete curriculum, as shown on_page 14

has a number of unique features. The flow

chart of Fig. 1 shows how the technical spec-
.

iality portion of the program and the.mathe-

matics courses are interrelated.
.

1. The two courses,, Introductory Elec-

Xronics'I and II, in the first and second

terms respectively, are designed to acquaint

the student with the content of the electronic

technology curriculum through laboratory proj-

ects thntoare done qualitatively rather than

,on an analytical basis. (Since this'publica-

tion, the, concept of two courses as suggested

here has been changed to a concept of only

one course to be identified as Introduction



to Electronics

% k .... . .
.

Technology)t courses, starting in the third quarter. They
.,.

--emphasizethe quantitative analysis and include

a detailed study of electronic Circuits. They

Introductory ElectroniCs I introduces the

studen measuring instruments most commonly

used throughout the ,curriculum. Emphasis is on

quantities which an instrument is capable of
I

measuring. The details and procedures foi this

. expl6ratory course are defined in the outline.

introductory Electronics II provides an

opportunity to explore the operation and re-

sponse of-the most common types of basic elec-

tronic circuits that-serve as building blocks
4 .

for practical electronic systems. The course is

exploratory and qualitative analysis is empha-

sized. It provides the 'practical experience and

1the motivation for*the retailed and quantitative

studies that follow in the curriculum.

2. The seminar sessions in the last five.

quarters of the curriculum are designed to

provide additional enrichment for the students:

This should bc accomplished by providing guest

lecturers from industry, touring industries,

viewing technical films, and through the discus-
_

sion of topics pertinent to the electronic

technology curriculum.

3. Circuits I (Resistive Circuits) pro-

vides the basic concepts for continue,: circtlit

analysis. The.study of resistive circuits re-

quires algebra and some trigonometry which

are covered in Mathematics I in the first quar-

ter. This co.:Ibe serves as a prereqdisite to

Electronics I (Resistive Electronics) which

comes in the following quarter. Refer'to the

'flow chart. . --

Circuits II (Single-Time-Constant Circuits)

requires an understanding of only basic con-

cepts of calculus. It serves as a natural

introduction to Electronics ..1l (Pulse Circuits)

which comes in the following term. The cir-

cuits courses beyond Circuits II are presented

in the traditional manner. Circuits ilI (Net-

work Analysis), for example, is a traditional

treatment of circuits,'which covers general

and advanced circuits and has no restrictions

as in Circuits I and Circuits II. . 1

4. There is,a sequence of three electronic

13

are identified as:Jlectronics I (Resistive

Electronics), Electronics II (Pulse Circuits)

and Electronics III (Advanced Electronics).

These three courses in electronics follow a

natural,, sequence that is integrated and se-

quenced in accordance with the background

knowledge from the courses in the circuits area

as well as from the mathematics area. For

example: Electronics I (Resistive Electronics)

follows Circuits I (Resistive Circuits)1,which,

in turn, follows Mathematics I. The flow

diagranof Fig. 1 shows the sequencing,of the

basic courses. Observe the heavy diagonal

lines that slant downward from right to left,

from the mathematics area to the circuits

area to the electronics area.

'5. The technical electives of the fifth

and sixth quarters provide a degree of flexi-

bility. Five areas of specialization are

recommended as poisibilities. A particular

educational institution may wish to offer no

more than one of these areas&of specialization,

in accordance with instructional talents and

in accordance with the particular needs of in-

dustry.

The footnote at the close of the curriculum

gives the recommended courses for each of the

five areas of specialization. More detailed

information is presented in an appropriate

place later in the guide. Refer to the

Table of Contents where each area is identifie
1

as an option.'

6. This six-quarter curriculum provides

at least two natural "break-off" points. Afte

a,student completes the first two quarters,

he will have had the two introductory electroni

courses and the two drafting courses that will

provide employment opportunities especially as

a draftsman or as a maintena %ce technician. The

courses of the first quarter could also be used

in a vocational program that leads to a

'certificate or a diploma. `



7. .The Imystcs_courses-are-out-lined-to
refleCt the present-day philosophy .as to contents
and sequencing, of topics for.a one-year compre-
hensive terminal course. The physics sequence
serves .as the basic science course in the elec-

troni-c-c-urrrcUlun-It is introduced in the
third qua-rter after the student has been intro-

.,
duced to the fundamentals of. calculus. It-
follows an outline which is independent of the

.topic sequencing of electronic material.

: SVoGESTEci, TWO-YEAR ELECTRONIC TECHNOLOGY CURRICULUM

t Course

1st Quarter

Class

Hours

Laboratory Contact Credit

Mathematics I (Algebra & Trig.)
. ,

5 5 5

Introductory Electronics I 1 5

Communications 4 .0 4 4

MechanicaLDrafting 1. 6 7 3

Pirbology of-iluinan Relations 4 0 4 4

Orientation 0 0 1 0

15 10 . 26

2nd Quarter

Mathematics II (Trig. & Introduction
_ t-LCalculus)-- - -5 5-0

Introductory Electronics II 1 4 5 2:

,Circuits I (Resistive Circuits) 4' 1. 2 6 5

Communicationi II 3 0 3.

Electronic Drafting 1 6 7 3

Seminar 0 0 1 .0

14 12 27 18

3rd Quarter

Mathematics III (Calculus) 5 0 5 5

Electronics 1 (Resistive Electronic
Circuits 3 4 7 4

Circuits 11 (S.T.C. Circuits) 4 4 8 5

Physics I 3 2 5 4

Seminar 0 0 1 0

15 10 26

4th Quarter

Mathematics IV (Introduction to
Differential Equations) 3 0 3 3

Electronics II (Pulse Circuits) 3 4 7 4

Circuits 11I (Network Analysis) 3 4 7 4

Physics 11 3 2 5 4

Industrial Organization and Operation 3 0 3 3

Seminar 0 0 0

15 10 26



I

Course

5th Quarter

Class

Hours

Laboratory Contact Credit

Electronics III (Advanced Electronics) 4 4 8 5

Physics III ' 3 2 5 4

Technical Report Writing 3 0 3 3

Technical,Elective(l) 3 4 7 4

Economics of Industry 3 0 '3 3

Seminar 0 0 1 0

16 .10 27 .19

6th Quarter

Technical Elective(1) 3 4 4

Technical Elective(1) 3 4 7 4

Technical Elective(1) .3 4 7 4

Circuit's IV (System Analysis) 1 4 5

Nontechnical Elective 3 0 3

Seminar . 0 0 1 0

13 16 30 18

(1) The technical electives should be electr
tion-as-desired for 'a particular program

Power Option (See Page liA)*
Adeanet4 Power Circuits
Rotating MaChincrk
Power DistributionSystems
Electrical Design

Computer Option (See Paire 71)*
Computer Logic
Computer Programming
Measuring Principles (Mechanical and

Electrical)
Analog Computers

High Frequency Communication and Trans-
mission Options (See Page 73f

Fields and Waves
Transmission Lines .

Microwave Fundamentals
UHF. Corirmunieation and Reception
Antennas

*Page numbers refer to pages in the "Engineering
Technology Series No.3, 1967", published at the

J
University of Illinois at Champaign-Urbana,
Department of,teneral Engineering.

ical courses of some one area of specializa-
. -A-few possible Courses and areas' are:

Instrumentation Option (See Page 75t
Measuring Principles (Mechanical and

Electrical)
Control Principles and Telemetry
Standards and Calibration
Computer Programming

Industrial Control System6 Option
(See Page 77) *

Industrial Control Circuits and Compon-
ents

Computer Programming
Servomechanism
Measuring Principles

IS

.
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Curriculum S mazy in Clack Hours and
rediLHours

Sethester
Hours Credit Hours Credit-Hours L_______L

Basic Science Courses
-Mathematics 198
Physics 165

363

Non-Technical Courses
..CommunicationS 110
Humaiiistic-Social .Studies 143

A. 25
Technical Courses

'Technical Skills
Technical Specialty .

Ailete

Totals

Introductory
Electronics I

Introduc
nics II

Electronics I
(Resistive Eitctronics)

Electronics II
(Pulse Circuits)

220
946

1166'

1782

Circuits I
( Resistive Circuits)

Circuits II
S T. C: Circuits

Circus
(Networks)

18
12

30

10
13

23

50

56

109

12
8

20

'6.67
8.67

15.34

4
33.33

37.33

72.67

Mattemotici I
(Algebra 8 Trig),

1

Mathematics II
(Trig 8 Intro to Calc.)

1

Mathematics III
(Colculus)

Electronics III
(Advanced Eiectronic's)

Technicol
Elective

Mathematics IR
( Intro to Dif. Eqs )

Technical
Elective

Technicol
Elective

Technical
Elective

Fig. '1 Flow Chart for Mathematics, Circuits, Electronics
and Technical Elective Courses



AN-EtECT110141C=--POWER-TECENCTOGURRTCULUM- .

three pages show (1) a suggested two-year curriculum

for EteetAottie-Poteot Technology structured-on-a six-quarter plan,

(2) the curriculum summary in clock hours and credit hours and

(3).a flow chart of the significant courses inthe curriculum.

'Participants in a U of I Academic Year Institute (1968-69) for

electronics teachers, supported by the NatiOnal Science Foundation,

were actively involved in the-structure of this material. It is

from a bulletin identified as "Engineering Technology Series No. 5,

t1970" developed at the University of Illinois, Department of

General Engineeiing, Urbahr, Illinois.

\\ The reader is encouraged to compare the structure of this Elec-

s tronic,-Power Technology Curriculum (Series No. 5)with that of the

preceding section (From Series N. 3) to observe the following:

a. The first four'quarter-terms appear to be essentially

the same for the two programs. Actually, however, 'there

is some_adjustment_in_tbe sAlect...matter_of__CirtuiTs_ III

(Network Analysis) in the,fourth quarter. This adjust-

.. ment involves emphasis on circuits appropriate to power

systems.

The technical specialty courses, in the last two quarters,

are directly related to the power field. This is represen-

tative of an.option'cOncept, offered or not at the discretion

of a.particular institution. Other options are possible,

such ass' Communications, Industrial Control. Systems,

Computers, etc., ,

F
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Course

Emu- ReNit - POWER TECHNOLOGY .

1

(A Suggested Two - Year Curritulum),
1

Hours

1st Quarter

Mathemaiici I (Algebra & Trig.) :

Introduction to Electronics Technology'
1

Communications I ,

=Mechanical Drafting !

'PsYchOlogy of Human Relations-
..

Class

5

" 0
..

4

1

4

,LaboratorContact

0

. 6
0

6

. ' 0

5 1

6.
4 4

7

4

Credit

5

2

4

3

."1.-_
14 12 26 18

2na'Quarter

-Matheniatics II (Trig. & Introduction
to Calculus) 4 0 4 4

Computer Science 3 2 J 6 4- -
Circuitn I (Resistive Circuits) 4 3 7 5

'CoMiniinications II 3 0 3 3

Electrical-:Electronic Drafting 1 4 5 2'
15 9 24.4 18

V's

3rd Quarter
,

Mathematics III (Calctrkg) 5 0 5 . 5
v

Electronics t (Resistive Electronic
Circuits) i 3. 3 6 4'

Circuits II (STC Circuits) 4 3 7 5

P h y s i c s ! . 3 2 5 4

15 8 23 18

4th Quarter

MalhematiCs IV (Introduction to
(Differential Equations) 3 0 3 3

Electronics II (Pulse Circuits) 3 3, 6 4

"Circuits III (Network Analysis) 3 3 6 4

Physics II 3 2 5 4

Industrial Organization & Operation 3 -. 0 3 3

15 8 23 18

0
-------i

-' ,S

18



.Coi4rse

Class

5th Quarter

Industrial Electronics. I (Devices) 2 .

Physics; III
.

3

Introduction to Power Circuits '3 ,

Economics of Industry 3

Technical Report Writing 3

14

Quarter

. Hours

Laboratory Contact .

.3 5
,

2 5

Credit

3 6 . 4

0 3 '3
0' 3 ' 3

8 . 22 17

3 4 2

3 6 4

3 6 4

3 6 . 4

0 3 - 3

12 25.
,

17

IndUStrial Electronics II (Systems) 1 ,.

-Energy COn4rsion- 3

EnergySystem ControlCi 3

Trans-Mission Lines 3

,Nontechnical Elective 3

13
.

Curricultim Summary in Clock Hours and
Credit Hours

Basic Science Courses

Clock
Hours , =

Quarter
Credit Hours

Semeste
Credit Hours

. Mathematics . 187 17 . 11.33
Physics . 165 12 8.0

. 352 29- 19.33/
' .

Non- Technical Courses
Communications - 110 10 6.67

Studies
--%

.

14f; .. 13 8.67

253 23 15.34

Technical Courses
Circuits & Electronics 418 t 24 16

Computer Science & Drafting 187 9 6
Power 363 21 -' 14

968 54 36
o

Totals 1573 106 70.67

1 19
C
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r

Introduction
, to
Eloctronie
T.ctmciogy

4Electranics

(Resistive

Electronics)

Electronics /I
(Pulse Circuits)

Industrial
Electronics I

(Devices)

1

Industrial
Electronics 11

(Systems)

hiottiornotics

(Moors S Tr'

Circuits. I'
Residue Ctraitsl Science

(VC. Circuits) (coltulusl

Circuits II

Physics

fWhornotics
(Recusants) Dais 10 Odf.Eqs)

Mottoonotics II
Algebra's Tng

Introduction
(0

Power

Circuits

Physics II

Physics ID

Energy
Conversion

Transmission
Linos

Energy
Syslikns
Controls

Fig. 1. Flow chart for the mathematics, circuits, electronics,
power and physics courses.

.46

Other Electrodes
TecheoloTedisologlts

).
gr

/

L

Fig. 2. Flow chart forthe physics courses.

PHYSICS I /
.4.14ediasicsy

PHYSICS\II

/ (Optics)
lectricity & Magnetism),

:PHYSICS

(iast t Thermodynamics)
(macro Ptirste.4

PHYSICS 14

(*.Met conics)
(Modern Physics)

20
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THE ELECTRONECe TECHNOLOGY CURRICULUM
(FOURSEMESTER PROGRAM)

.e
fi A suggested two -year Electronics Technology Cur-

. ,

riculum on a four semester plan isohown on the next

page. This partimilar program vias proposed in an

-"Engineering Technology Seri8s, No.2, 1964"aad devel- l'%
aped at.the University of"Illinois.' .It was the first

.

. curriculum,guide in the series of guides for eleC1
Y

tronics technolegy.

The reader is encouraged to compare this program

with the other ttito"(Series No. 3 and No. 5) which are

presented in the preceding two sections of this re-

port.port. Observe .Wfollowing,in these comparisons:

a. The same seqUence of circuit.theory courses

aie found all three programs: Resistive

Circuits, STC Circuits, and Networks. This

was the- first time that such a sequence was

proposed and published.

b. The same sequence oe.courses in the

at

Fundu-

mentats o6 Etecttoni is shown in all

three programs: Introduction to Electronics

.Technology, Resistive Electronics, Pulse

Circuits and Linear Electronics. This.was

the first time that'an INTR%course (See

Chapter was proposed, in a publication,
tb

as a way to'get started with'an eleCtronics

technology curriculum.

c. The quarter plans probably permit, more

flexibility in scheduling and sequencing

(particularily).of major subjects and topics.

21

4

\d"



SUGGESTED TWO-YEAR ELE

Course

IC fECHN LOGY CURRICULUM

Hours

Class Laboratory

1st Semester

Mechanical Drafting
Technical Mathematics I
Coinmunication (oral, written & Verbal)
Electronics I (Introdtaction to Electronics)

. Circuits I (Resistive Circuits)
Orientation

1

5
3
1

4

5
0
0

. 4,
. ' 4 'r

1

15 .. '4'1
o'

2nd Semester

' Electronic Drafting 1, 4
Technical* Mathematics II , ;5 0

Technical Physics I (Mechanics & Heat) '4 2 .

Circuits II (SiLgle-Time-Constants) 3 3
ElectroniciII (Resistive Electronic Circuits) 2 . 3

15 12

3rd Semester
_..

Technical Mathematics III .

y
3 0 .;.

Technical Physibs II (Light, Sound "& 2'
.

Modern Physics) 't.',. .

Circuits III (Networks) 3 <Ai:47
Electionics'III(Pulse Circuits) 4iEconomics of Industry 3 1 0

17 10

4th Semester

Technical Reporting 3 0
Psychology & Human Relations , ' 3 ' . 0
Industrial Organization & Operation f. .3 __ 0
Electronics IV (Linear Electronic Circuits) 3 ..:-: 4

*Technical \.._./.-.Elective .' ,c.. 3 __. 4

: 15 8'

Credit Contact

P '6
5 5
3 3
2 5
5 . 8

:;..A-0 1-e--
'18 28

2 5
. 5 5

4 6
4. 6
3 . 5

18 27

3 3

4
5 7

'3 , 3

19 27

4. 6

3 3
3 3
3 3

? 4 9
4 7 /

17 25

*The technical elective should be an electrical course of some one area of specialization as
desired for a particular program.

A few possible courses are:

1. Servomechanisms
2. Industrial Control Systems
3. Computers and Progra,ming
4. Electrical Machinery and Control
5. UHF and Microwaves

22

Curriculfim /Summary in Clock hours and
Credit Hours k

Clock: Credit
(lours Hours

Basic Science Courses
Mathematics
Physics

Non-Technical Courses
Communications,-
Humanistio-SocIal Studies

I

Technical Courses s

Technical Skills ,

..
Tqchnical Specialty i

-q1;
- .. . Totals

-

208 13
192 8.
400' 21

96 6
144 9
240 .15

176 5
'864 3.1

1040 36 gip
:IA80 72

i 3



PHILOSOPHY OF ENGINEERING TECHNOLOGY EDUCATION-

T GEWEkALREQUIREMENTS

The eduCation program described in ,this puN-

licatioOt is organized to provide 2 years of full-

tiMe study In the specific field of electronic

technology. The course work outlined in this

publication is so arranged as to provide a compe-

tency upon completion enabling the graduate to

work directly with the design, test, development,

and research groups of an industrial complex.

The increasing demands of our tecnocracy

upon our technical personnel are such'that ad-

ditional academic training beyond thehigh school

is a prerequisite forsuccessful employment.

placement ofour youth. Job obsolescence, due

to new advances in our modern technology, require

employees to obtain additional training to're-

main employable. The abilities required by our

technical personnel have been broadly defined

as follows:

1. Fa_ility with mathematics; ability to use

algebra and trigonometry as tools in the

development of ideas that make use of

scientific and engineering principles; an

understanding of, though not necessarily

facility with, higher mathematics through

analytical geometry, calculus, and differ-

ential equations,'according to the require-

ments of the technology.

2. Proficiency in the applications of physical

science principles, including the basic

concepts and laws of physics and chemistry

that are pertinent to the individuals field

of technology.

3. An understanding of ,the materials and

processes commonly used in the technology.

4. An extensive knowledge of a field of

specialization, with an understanding of

the engineering and scientific activities

that distinguish th technology of the field.

The degree of competency and the depth of

understanding should be sufficient to en-

able the individual to do such work as

detail design procedures.

,S. Communication skills that include the

ability to interpret, ana0e, and trans-

mit facts and ideas graphically, orally,

and in writing.

To further identify the educational cri-

teria for programs of engineering technology, the

American Society for Engineering Education has

completed a study under a grant from the National

Science Foundation on the evaluation oftech-

nical institute education The results of this

study have been published in a report entitled,

Chaucteki6tic ob Excellence in Engineeting

Technology Education.

The objectives, standards of excellence, and

minimum subject area requirements as represented

in the above two reports have been accepted

generally by educators in the field of engineer-

ing technology. The structure and implementa-

tion of engineering technology curricula re-

quire a consideration of a number of factors,

some of which are common to all engineering

technology curriculum and others-that are unique

for the electronic technology curriculum to

which this publication is directed.

PROGRAM OBJECTIVES

In general., the functions performed by the

engineering technician are closely related to

research, development and engineering activitties.

Accordingly, any engineering technology currsC-

ulum is constructed to. provide the educational

background necessary for the many functions of

the technologist at the levels of design, devel-

opment, testing, production and research.

*Taken from curriculum guides prepared at the University of Illinois
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THE CURRICULUM

An engineering technology curriculum is a

minimum two -year' program of four semesters or

six quarters leading to an Associate Degree.

It is a college level program but differs sig-

nificantly from a pre-engineering curriculum.

The'first two years of an engineering curriculum

are primarily devoted to mathematics, science,

and general education,.with.very few specialized

technical.courses. On the other hand, an engi-

neering technology program must initiate

specialized technical courses early imhe pro-

gram if the desired objectives are to.be accom-

plished within the time available.' The sequenc-

ing of,courses and topics must be carefully
..t

organized to permit the student to develop to

the desired levels of competence. An engineer-

ing teclmlogy curriculum must conserve the

rigor of effort on the part of the student that

is equivalent lo the rigor of effort required

in a College program...

An engineering technology curriculum must

be structured so that it prepares its graduates

functionally:

t.' 1. To enter into a job and be immediately

productive with a minimum of on-the-job

training.

2. To provide the technical and scientific

background to prepare him to keep abreast

of develo ments in technology throughout

his caree .

3. To enable the graduate with a reasonable

amount of industrial experiences to advance

into positions of increased responsibility.

In addition, it must also include sufficient

work in the non-technical area to prepare the

individual to participate fully in the society

of which he is a part.

FACULTY

The ultimate quality of the curriculum de-

pends largely upon the quality of the faculty.

The specialized nature of the curriculum re-

quires that the teachers have special comOten-

ces. These cOmpetences are based on technical

24
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, .

proficiency in subject matter and industrial
. ..,

experience. Another important consideration is

that all members of the engineering technology

faculty understand the educational philosophy

of such programs and be in harmony with the

goals and unique organizational requirements

that characterize this area of education.

To achieve the objectives of the curriculum,

the subject matter cannot be taught as a series

of independent courses, but must be presented

as a closely integrated combination and sequence

of educational experiences. The staff must

work together as 'a unit.

It is obvious that a substantial proportion

of the faculty teaching the technical specialty

courses be graduate engineers. Experience has

shown that engineering technology graduates ,

who have acquired industrial experience and

have continued their education o en make,

excellent, teachers in this typ of program., If

the curric rium is to keep. ce with technology,

it is not feasible to depend to any great extent

upon faculty members whose tee nical competence

is only slightly greater tha that of the stu-
,

dents. The use of an unduly large number of

part-time faculty members is undesirable.

Faculty members must maintain technical

competence and shoull be encouraged to par-

ticipate in the activities of professional and

technical societies. They should also be en-

couraged.to keep up with the literature in

their field, continue their education, and

maintain close liaison with industry in the area

of their specialities by working summers. This

encouragement is most effectively provided in

the form of released time and financial as-

sistance whenever possible.

Teaching loads should be based on contact

hours rather than credit hours since, in general,

this type program requires the faculty member

to spend a greater number of hours with the

student per credit hour than do some other types

of educational programs. Promotions, should be

based on a balanced judgment of the instruct r's

/Pability to bring a broad experience and a ca demic
<./



background to bear on his student's, rather than

solely on the acquisition of higher academic
0

degrees.

STUDENT SELECTION

While the effectiveness of an, engineering

.technology program depends on the quality of

the faculty, its success depends even more

heavily on the quality of its graduates. It is

essential, therefore,. that the students accepted

into the program be capable of successful

accomplishment of the educational objectives

of the program. If the incoming students!

backgrounds are inadequate, instructors will

tend to adjust their courses tp, these inadequa- '

cies. The inevitable result will be a program

of depth and scope less than that implied by

the curriculum and a lack of utilization o4

faculty capabilities.

Any discussion of academic standards,

therefore, must be preceded by a statement

of admission requirements and student seleCtion.

The assumption on which this suggested curriculum

is based is that the incoming students have

been graduateefrom an accredited secondary

school or have an equivalent education. In

addition, the student should exhibit some

evidence of sufficient ability and the necessary

aptitudes for satisfactory achievement in the

program.

In the opinion of the committee, a satis-

factory engineering technology program re-

quries the following minimum secondary school

units:

a. Three units of English. These should

provide the student with the basic tools

of effective communication.

b. Twosunits of Mathematics. One unit ii

-algebra and the other in plane geometry

(or the equivalent of these in integrated

mathematics).

c. One unit in Physical Science. Whenever

possible, this unit should be either in

physics or chemistry.

Students entering without these minimum

25
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secondary school units should not expect to

complete the program in the allotted time. If

such 'students are admitted, non-credit courses

in these areas should be provided to bring the

studenT-to the required level of proficiency in

these areas.

jransfer.of credit from other institutions

should be evaluated realistically on the basis

of comparative course content and objectives.

Thei-may be validated, if in question, by re-

liable proficiency examinations. Automatic

acceptance for credit without adequate evalu-

ation should be avoided.

STUDENT SERVICES

Whenever possible, institutions offering

engineering technolOgy programs should con-

sider the use of standarized or local tests to

assist in student selection, placement, and

guidance. Effective guidance and counseling

are essential.lhe student should be aided in

selecting educational and occupational ob-

jectives consistent with !is interests and

aptitudes. He should be advised to revise

his educational objectives if it becomes ap-

parent that he is more suited to other pro-

grams, either in engineering', or vocational

training,-or another technol y.

The graduate should be giv7 all possible

assistance in finding suitable mployment.

Placement personnel should be awe of the

needs of industry, familiar with Ov curricula

offered by their institution, and sileld be

in a position to acquaint prospective

with the various types of positions for which

their graduates are qualified. The placement

function is extremely valuable to the student,

the institution,and industry.



UNIVERSITY INVOLVEMENT IN TECHNICAL- EDUCATION

INTRODUCTION

The title of my is "University Involve-

ment in Te,i cal Education." For the purposes

o is resentation I will restrict myself to

thelinvolvement of the University of Illinois in

technical education and in that waylperhaps

suggest to you how other universities might

undertake a similar input. The involvement began

back in 1957-58 when a study was conducted andl

a repor%written to suggest how the College of

Engineering might become involved in the prepa-

ration of engineering technicians.: The recom-

mendations of the report were not followed,

however, this formed a basis for further activity

when the implementation of the National Defense-

and Education Act of 1958 was passed by the

National Congress charging the individual states

with the responsibility of carrying out Title

,,VIII of this act that had to do with the prepa-

ration of high-level technicians to work in the

defense related industries. In 1959 a committee

of the College of Engineering was organized to

assist the State Board of Vocational and Tech-

nical Education in the implementation of this

act in'the Stateof Illinois. The activities

that have evolVed from this initial involvement

consist of the following:

Teacher Pieparation

Curriculum Research

Professional Organizational Articulation

Contributions to the Literature of the

Field

Conferences, and

Advisory Consult/ant Services.

would like to sp nd a little time to discuss

each one of thes topics.

TEACHER PREPARATION

When meeting with various people in the

State of Illinois concerning the implementation

of high-level technician training programs,

It became apparent that the number one problem

that faced the State of Illinois was the problem

of having qualified instructors available to

teach in these programs. In checking around

with other states; it soon became apparent

that this was a national problem. Therefore,

this p vided the initial impetus for the

submission of a proposal to the National Science

Foundation for. the funding of a summer institute

program to provide upgrading course work in the

subject areas of machine design and electronics.

technology. The Summer Institute was designed

to enable those people who were teaching in

the field without previous academfc subject

matter course work to retrain themselVes and,

thereby, be able to prepare the high-level

engineering technicians as were described by

Title.VIII of the National Defense and Education

Act of 1958. The first such summer institute

was funded in 1961 and fortunately has been

funded ever since, including tl^ one that is

being funded for 1970.

In addition to this, five academic year

institutes have been funded by the National

Science Foundation which provided opportunities

4 for fifteen participants each year to come and

study for a year in residence on the campus over

a ten month period. These were structured to

provide additional opportunities for teachers

to gain the necessary co,,nitive and pedagogical.'

skillS to present the material in the more

advanced courses in high-level engineering

*Jerry . Dobrovolny, Professor and Head Department of General Engineering,

Deliv, red at the Electronics Conference February 25, 1970, Champaign, Illinois.
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technician preparatory programs. pproximhtely

four hundred indifliduals have participated in

the summer institutes and,academic year insti-

tutes.

In addition to this, as a result of the

experience gained in these institutes, a Bach- .

eIor of Science in the Prepaation,of Teachers

of Engineering Technology and a Post- Baccalau-

reate Certificate in the Preparation of Teachers

of Engineering Technology in the fields of
s.

electronics' technology and machine design tech-

nology have been established as a recognized

degree at the University of Illinois. These

have:served as models for other institutions of

higher learning'to follow.

A great deal more can be done in this area

of teacher preparation. At the present time

there is "a significant number of persons with

pertinent industrial experience, such as engi-

neers with master's degrees in a subject matter

specialty with five to ten years of critical

experience in industry, whq are entering,the

field of technical education., There is a

great need for organizing some type of either

in-service or pre-service training programs to

provide them with the proper philosophic

approach with respect\to teaching in two-year

associate degree programs in engineering tech-

nology. In addition to this, there is a need

for organizing doctoral level programs to take

these kinig of selected individuals with this

kind of a background in their subject matter

specialty and build upon that the necessary

prerequisites to provide them with leadership

potential as administrators and researchers in

the field of technical education.

Another source of competent teacher personnel

is from the ranks of the graduates of two-year

associate degree programs,.particularly those

that have had three or four years of industrial

experience. There is a great need for univer-

sities to organize 'new teacher preparatory pro-

grams and receive financial support for the

students that will enroll in these programs.

The general idea would be to build on a' "plus
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two" component of a four-year program that is

articulated with the two-year associate degree

work that had been 'completed by the student.

In'the final analysis, this type of an individual

will provide the best teaching capability for

the two-year associate degree programs.

CURRICULUM RESEARCH

Another very active part of the involvement

on the part of the Engineering Technology

Curriculum Advisory Committee at the University

of Illinois has been in conducting manpower

need studies, follow7up studies, and the devel-

opment of various curriculum guides.. All of

these activities have been done in cooperation

with.perSons from industry, as well as those

that are teaching in the field, At the present

time we have developed a curriculum guide in °

electronics technology, maohine design tech-

nology, civil technology, nitro- precision

technologY and one in electrical power tech-

nology which is being printed at the present

time. In the case of the electronics and

machine degign, both a semester guide and a

six-quarter guidellave been developed. These

curriculum guides have proVided a foundation

level for schools entering into technical

education. A large number of junior colleges--

in the past primarily liberal arts oriented

and now becoming comprehensive junior colleges- -

have found this kind of assistance invaluable

to them.

__There- is--a- need -- for -other areas within the

University to become involved in the develop-
..

ment of resource material for the semiprofes-

sional fields that are related to their

specific subject matter specializations, such

as in the health fields and the agricultural

science areas. All evidence points to the

expansion of this kind of an activity and a

number of other colleges are becoming involved

in these kinds of projects.

PROFESSIONAL ORGANIZATIONAL ARTICULATION
/ .

One of, the greatest involvements by the



University of Illinois is the effort, on the part , personnel to interact with the large number of

Of the respective members of the Engineering professional organizations that are involved in

Technology Curriculum Advisory Committee to in- , the development of a philosophy and posture with

teract with various professional organizations, *e respect to technical education. There is a

such as the American Society of Engineering

Education, the Technical Education Research Center,

the American Association for the Advancement of

Science, the American Association of Junior

Colleges, the National Science Foundation,

American Technical Education Association, the

National Industrial Conference Board, the U.S.

Office of Education, the Commission on the Under-

graduate Program in Mathematics, the College

Commission on Physics and a host of others. Dur-

ing the past twelve years the Unive'rsity has

bean involved in a significant number of projects

with these organizations. One of the most recent

involvements has been with the National Industrial

Conference Board, the American Technical Education

Association, the U.S. Office of Education, the

Engineering Manpower Commission, and the National

Advertising Council. This has been a cooperative

effort that has been organized primarily by the

National Industrial Conference Board bringing

together the above mentioned organizations for

the purpose of organizing a multi-media campaign

to bring to the attention of four segments of our

total population the opportunities in technical.

education. Many of you perhaps have seen the

advertising material that has been prepared for

use by the television media as well as the news-
,

papers, magazines and radio. The effectiveness

of,this campaign can be illustrated by virtue of

the fact that within the first six months over

500,000 of the booklets that were prepared

describing twenty -five technical careers have

been requested by people writing in for copies

of this piogram. Representatives from the Univ.-

ersity had a vital input in helping prepare not

only the text material for the career booklet,

but also some of the advertising copy. The

National Advertising Council has identified this

as one of its top advertising campaigns it has

ever undertaken.

There continues to be a need for university

28

1,1:7

need fcr a study to develop courses in mathe-

matics, physics, economics, social-sciences,

and other related areas for technical curric-

ulums. The off-the-shelf approach used by many

today just does not meet the needs of the

technical student.

CONTRIBUTION TO THE LITERATURE OF THE FIELD

I suppose, in the final ana13is, a

scholarly institution is Measured by its peers

in terms of the contributions to the literature

of the field. I feel in this regard that the

4piversity involvement has been particularly

effective.. As a result of the work that has

been done by the individual members of the

University community working in this area, a

number of textbooks have been developed.

Professor D.S. Babb has.duehored, I believe,

two texts in electronics and is.in the process

of authoring several others in his spare time.

Professor R.J. Placek has written two texts

in technical mathematics. I have also been

involved in two texts in the graphics area.

A large number of papers and reports have been

generated with respect to specific topics as

they are presented at various conferences

throughout the United States. Many of these

become resource papers for further study.

In the field of curriculum guides, I feel

the contributions have been uniquely significant.

It is,one thing to talk in broad general philo-

sophic terms about what the content of a two-

year associate degree program in a specific

technology should be and altogether a different

kind of an input to actually incorporate this

philosophy into a workable curriculum. The

requests for these curriculum guides that have

been developed by our particular effort has

been in the thousands. he have had to reprint

some of these guides three times.



It is fully anticipated that the contribution

to the literature of the field by this electronic

curriculum project again will be significant and

provide a bench Mark in the field of electronics

technology education.

The Technical Education Supplement of In-

dustrial Arti and Vocational Education is provid-

ing a forum for technical deucators. -All of you

are encouraged to submit articles for publication.

CONFERENCES

One of the most effective ways of communi-

cating the ideas o-veloped Within the university
.

community with respect to technical education

is through the vehicle of conferences. The

'individual members of the Engineering Technology

Curriculum Advisory Committee have participated

widely in conferences having to do with tech-

nical education. They include conferences

sponsored by the U.S. Office of Education; the
4

American Technical Education Association; indiv-

idual subject matter conferences, such as is

being held here with respect to this curriculum

project; the American Society for Engineering

Education; the American Society of Civil Engi-

neers and a host of other involvements. One of

.the greatest problems with respect to technical

education, as you all are aware of, I am suze,

is the problem of semantics. It is through this

vehicle of participating in these conferences

that a positive posture, with respect to a

unified semantic identification of the field of

technical education, has been developed.

University personnel have been involved in

the organization of at least two conferences a

year, either at the University or at some other

location. These conferences have proved to be

extremely effective in terms of bringing together

experts in their field for a short period of

time to address themselves to the critical prob-

lems relating to technical education.

ADVISORY CONSULTANT SERVICES .

The advisory consultant services that have

been offered by-the Engineering Technology
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Curriculum Advisory Committee over the past

twelve years covers a wide range of activities.

One of the most important, of course, is the

volume of correspondence that continues to

flow to the University from interested parties

covering a wide range of subject matter.

Individual members of the Committee are called

upon to meet with local advisory groups at

various stages of development. Many times they

are called in at they initial stages of the

inauguration of associate degree programs it

engineering technology. Other times they are

called in after the program is started and.

they find they are having difficulty with some

facet of program implementation. In meeting .

with these .local groups, the individual committee

member of the Engineering Technology Curriculum

Advisory Committee has been able to serve as

the moderator between various groups in the

local community and, as a result, has been

akle to move programs off dead center and provide

an educational opportunity for students in

their respective areas.

All through the years there has beep a

close cooperative effort between the staff of

the State Board of Vocational and Technical

Education and, more recently, the junior

college board st,. in terms of program imple-

mentation in the State of Illinois. In addi-

tion to this, there has been an input to the

State of Illinois Advisory Council on Voca-

tional Education. This Council is a newly

established body charged with the responsi-

bility of evaluating vocational and technical

education being conducted and reimbursed from

the vocational education funds by the federal

government. I would urge all of you to be-

come familiar with the councils in your re-

spective states and urge them to carry out

their responsibilities as they are charged

by legislation.

PLANS FOR THE FUTURE

The future for technical education is in-

deed bright. The greater involvement by a



larger number of universities must take place

in the near future. There is a need for addi-

tional conferences involving other universities

to. encourage them to organize programs similar

to those that have been discussed here. There

is a need for undertaking new research activities

in the dgvelopment of curriculum material for

the now and emerging technologies, such as in

ocean engineering, marine biology, physical

science technology, etc.

The need for the development of new graduate

programs to prepare teachers and administrators

for junior colleges and technical institutes, in

the area of technical education, is an area where

the universities can make perhaps their greatest

contribution. The, need for redirecting some of

the resources that are now being used for out-

moded prOgrams in the preparation of industrial

arts teachers and vocational educators to new

kinds of programs, to Meet the needs of the

present community college is a challenge that

Must be met by the Universities. There is a.

close cooperative activity existing in this

campus between representatives from the College

of Engineering and the College of Education in

the implementation of these kinds of activities.

The need for research in the area of stu-

ent identification, motivation and program

implementation at the secondary and post-secon-

dary level is great indeed. The present testing

Oe

programs that are used in high school to identify

the verbally academic talented students do not

provide the vehicle for identification of those

students that are motivated by other than purely

academic achievement. The problem of identifi-

cation of cognitive skills relating to the

applicatory aspect of the new and emerging semi-

professionaloccupations has' just barely been

scratched. The need for developing guidance and

counseling activities in this direction, again,

is an area where University involvement can make

a significant contribution. Dr. Ken Hoyt, f;om

the University of Iowa, is a pioneer in this

'activity.

There is a greA urgency for more detailed

manpower need data that accurately reflects

the need of semiprofessional personnel by their

respective professional groups working in our

society. Here again, the universities can make

a significant input. However, throughout

all of these considerations, the basic thread

of cooperation must exist between the univer-

sity, the user of the .product and those in-

volved in the teaching and the preparation of

the product. Without this cooperative spirit,

the end result will balmeaningless. We like':

to think that here at the University of

Illinois we have been able to achieve a modicum

of success in this interdisciplinary cooperative

effort on behalf of technical education.
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PROFESSIONAL, TECHNICAL, VOCATIONAL AND INDUSTRIAL .

ARTS EDUCATION

The changing manpower needs of our society

have been extremely rapid during the last two

decades. In many cases the program offerings

at community colleges have been much bettei

attuned to these needs than'have the teacher pre-

paratory programs at our teachers'colleges. One

of the important, areas of understanding that is

required as a.basis of discussion is that of the

semantics relating to technical education. The

four terms most relevant to the discussion are

industrial arts education, vocational education,

technical education, and professional education.

1
training, and various others. The occupational

titles of those complbting the programs .are

normally the following: carpenter, stone mason,

plumber, auto mechanic, applicance repairman,

secretary, cook, bookkeeper, salesman, etc.

The U.S. Office of Education's Cooperative

Project for Standardization of Terminology

in Instructipnal Programs in Local and State

School Systems defines trades and industrial

occupations as follows:

"Trades and industrial occupations is

the branch of vocational education which

is concerned with preparing persons for

initial employment, or for upgrading or

retraining workers in a wide range of

trades and industrial occupations. Such

occupations are skilled or §emiskilled

and are concerned with layout designing,

producing, processing, assembling, test-

ing, maintaining, servicing, orirepair-

ing any product or commodity. Instruc-

tion is provided (1) in basic manip-

ulative skills, safety judgment, and

related Occupational information in

mathematics, drafting, and science re-

quired to perform successfully in the

occupation, and (2) through a combi-

nation of shop or laboratory experiences

simulating those_found in industry and_

classroom learning. Included is in-

structiop for apprentices in apprent-

iceable occupations or for journeymen

already engaged in a trade or industrial

occupation."

The significant thing to recognize when .

we are talking about vocational education is

that there are many new fields that have

developed in the last twenty years requiring

a level of education at the vocational level

to train persons for employment in the specific

field. The health related occupational titles

INDUSTRIAL ARTS EDUCATION

Industrial arts education has been considered .

a part of general education and is referred to

as being exploratory in nature. The industrial

arts programs are normally offered in junior and

senior high schools and are survey courses in

such subject areas as metalshop, woodshop, home

economics, drafting, electricity, and autoshop.

Gordon 0. Wilbur in his book on Industrial Arts

in General Education'defines industrial arts as:

"Those phases of general education which

deal with industry--its organization,

materials, occupations, processes, and

products--and with the problems result-

ing from the industrial and technolog-

ical nature of society."

VOCATIONAL EDUCATION

Vocational education is normally described

as preparatory in nature to prepare a person

for immediate employment on a specific job on

the occupational ladder. It is a level of

education that concentrates on the. development

of manipulative skills., Soie of the typical

vocational curricula that are available are

in such areas as trade and industrial education,

distributive education, home economics education,

vocational agriculture, business and secretarial
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have had,a significant number of job classifica-

tions requiring a vocational education as a

preparatory laboratory and classroom experience

pfior-totemployment.

TECHNICALIDUCATION

TJchniCal education is perhaps the most

isunderstood term in our 'taxonomy. It.seems
1 .

to can allthings to all people: The data

comp tibility group of the National Center for

Educat n Statics for the U. S. Office of

Educaiio has developed (1966) hdefinition of

technical Ucation to read as follows:

"Technic 1 education is concerned with

that body f knowledge organized in a

planned segue ce ofclassroom and lab-

oratorrelperi nces, usually at the

postseconlaryle el, to prepare pupils

fpr a cluster, of j b oportunities in

1'a specialized field f .,:chnolcigy. The

program of instruction normally in-

cludes the study of the nderlying

sciences and supporting ma hematics

inherent in a technology, a well as

methods, skills, materials, a yrocesses

commonly used and services performed in

Lthe technOlogy. A planned seguen of

study and extensive knowledge in a\Tld

of specialization is required in tech

nick education, including competency

in the basic communication skills and

related general education. Technical

education prepares for the occupational .

area between the skilled craftsman and

the professional person such as the

doctor, the engineer, and the scientist.

"The technical education curriculum

most be so structured that it prepares

the graduate to enter a job and be

productive with a minimum of additional

training after employment, provides a !

background of knowledge and skills which

will enable him to advance with the

developments in the technology, and en-

ables him, with a reasonable amount of
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'experience and additional education,

to advance into positions of increased

responsibility."

"The technician frequently is employed

in direct support of the professional

employee. For example, the engineering

technician will be capable of performing

such duties as assisting in the following

engineering functions: designing,

developing, testing, modifying of

products and Processes, production plan-

ning, writing reports, and preparing

estimates; analyzing and diagnosing

technical problems that involve in-

dependent decisions; and solving a

wide range of technical problems by

applying his background in the technical

specialties--science, mathematics, and:

communicative and citizenship skills."

The person completing a technical education

program is called a technician.. Most programs

are two years in length and upon completion the

graduate receives an associate degree in applied

science or in a specific technology. In the

case of the engineering related technology, the

American Society for Engineering Education in

its publication Characteristics of Excellence

in Engineering Technology Education (1962)

defines an engineering techni4lan as follows:

-"One whose education and experiende

qualify him to work in the field of

engineering technology. lie differs

from a craftsman in his knowledge of

scientific and engineering theory and

methods, and from an engineer in his

more specialized background and his

\use of technical skills in support of

engineering activities."

The, technician works very closely in sup-

port of the professional person. He assists

in developing the project that the team is

working on and will become involved with cal-

culations, pro 'totype development, liaison work

with the craftsman, and a wide range of support



s.

activities. Similar identifications of-tech-

nician activities can be developed for the

other professional fields, such as health, busi-

ness, agriculture, architecture, etc. The con-

tent of a technical curriculum is cognitive in

nature dealing with the more applicatory aspects

of the particular science relevant to the tech-

nology being studied. The emphasis of using the

laboratory experience as a vehicle for discovery

is a significant characteristic of a technical

education program. -It is college level frowthe

,standpoint of the rigor and applicable from the

standpoint Of the method of presentation of the

subject matter in respective topical areas. This
.

Ancludes the basic sciences, as well as the mathc-

matics.

PROFESSIONAL EDUCATION

Professional education is designed to prepire

a person to enter the occupational ladder at a

level that will require the capability of decision

making with respect to tesolutions of the prob-

lems facing society. Some of the recognized

professional identifications pare the engineer, .

the lawyer, the doctor, the economist, the: accoun-

tant, the agricultural scientist, the physicist,

c.
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the chemist, etc. The normal preparatory program

requires at least four years of basic training,

acquiring a bachelor's degree, followed by addi-

tional professional training and education such

as law school, medical school, and advancedde-
.

grecs in engineering, the biological and physical

sciences. As an example, the professional engi-

neer is identified as follows:

"A professional engineer is competent'

by virtue of his fundamental education

and training to apply the scientific

method and outlook to the analysis and

solution of engineering problems. He

is able to assume personal responsibil-

ity for the development and application

of engineering science and kndwledge, .

notably in research, designing, super-

intending, construction, manufacturing,

managing, and in the education of the

engineer. His work is predominantly

intelllectual and varied, and. not of

a mental or physical character. It

requires the exercise of original

' 'thought and judgment and the.3ability

to supervise the technical and

administrative work of others."
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CHAPTER 2
PROJECT APPROACH TO CURRICULUM DEVELOPMENT

9.

Any teacher o4 etect)tonics, on a 9/Loup as itect/Lonics teachets,

wishing to maize adjustments in cuvticutum ztAuctute on in the sub-

ject matte/L06 4peci6ied c4A4es, must become invotved with .the

phitosophies. and concepts a6ticabte to a pa/iticELem discip4ne

(The Etectnonic Technotogies, in this caze). In °then wands, di-

/Luting one's attention to subject matter 06 a comze, onty, .us

not zu66icient.

.Theouticatty, o4 the ETCV puject time wa4 devoted to the

cote:comses.o6 Circuit Anatyz.bs, the Fundament:014 o6 Etectnonics

and the Intuduction to Etect/tonics Technotogy Cm/12e. Vevekpment

o6 subject muter and tech9ti 4ues o6 .instruction sat these cm/L.6es

become productive onty through 6inding a evo to gdestions, such

az: What .us etectiionics education? What technicae an

vocationat education? Ate both C,6 eise ki dz o6 education necessary

in eteCtonics ptogums? 16 so, why and what do we-do? What us the

not 06 citcuit analysis? How .important ih mathematics? Is there

a better way to teach a topic? Is the/Le a.bette.4 way to get started

on majon topics? WheAe shamed the emphaz,is be placed? Ate therm

hey wands to assist in communicating ideas one to another?

(NOTE: A singte wand tike "Objectives"; on any other singte wand,

-cannot tesotve ant ptobtemz). What are the student needs? What

are- Industry needs? Ate,thed.two needs the same? We coact do on-

and-on. The sections 06 tiaz chapter present those concepts and

viewpoints that have been most L;ene6ictat to the activities 06 the

puject.

'3S
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ELECTRONICS EnUeATION

ELECTRONICS EDUCATION IDENTIFIED

The "Organization CharIt for Electronics

Education" presented below provides a reference

for.the discussion of problems relating to

curriculum structure;, industry needs,, student

interests, faalty requirements and a host of

other problem's. Answers to such problems can

be derived Sibm this organization chart.

The organization chart defines electronics

education at any level and for any educational.

institution.' The chart is applicable to

tniversities, colleges, community colleges, tech-
,

nical institutes, secondary schools on down to

elementary schools. the chart is applicable to

4
programs leading to a certificate, a diploma," an

associate degree, bachelor of technology degree,

bachelor of science degree and urthe line to

the doctorve degree. We Mae uae,.the data,

ptiotcmity, to he ti, identi5y the diament etec-

tuni ptopant6 deAigne104. the education oti

de onic techniciam 5
li too-yeat eatege6.
!

irst of all, ObserVe.that electronics educa-

tion

l

consists of the two areas of - theory and ap-

eoti

I

. This does not state that theory courses

I

N.

IELECTRONICS EDUCATION

ITHEORY 1 IAPPLIED I

CIRCUITS

-Passive
-Active

FIELDS .

-Electro-
static

-Electro-
magnetic,

DEVICES

-Linear
-Non-

linear

4

\

are not piactical or that applied courses do

not involve theory. dt (foes state, however,

that the objectives and leVel of a program

,.Kill dictate where the emphasis shall be

'placed.

To more fully understand what can be done,

Or should be done, in,twoLyear college programs,

it is helpful to\subdivide the theory and the

applied. The theory side of the electionics

education spectrum\contains the two areas

of eitcuit4 and iiiet46. The applied side

of the spectrum can be regarded as containing

the two areas, of detufee6 and Sy6tem6. ! Each

ofthese four areas can be subdividedifurther

as indicated om the organization chart. Still

further subdivisions are possible. The chart

is sufficiently complete, however, for the

purpose of this discussion.

The end objective for any electronics

education program is to have an unde4.6.anding

and knowtedge o5 6y6tem6. Aut, this requires

a knowledge of devicea, 15ietd6, and eiteuit6.

As a sequence for learning we might state:

If we can understand circuits and fields.

(theory) .then we can understand devicesand

systems (applied). This must be true since

/much of electronics education is based on

/ cikcuit models.

SYSTEMS

-Linear
-Non-

linear

Fig. 1 Organization Chart, for Electronics

Education
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VOCATIONAL EDUCATION IN ELECTRONICS IDENTIFIED

Educational programs in electronics are

very likely vocationally oriented if the

theory courses of electronics education are

de-emphasized orneglected. Such programs

will concentrate on particular systems, in-

struments and devices. Much of the course

structure will depend on laboratory experiments

and hands-on experiences. Good programs are

structUrein this way to satisfy certain in-

dustry manpower service, maintenance and

operation needs.



TECHNICAL EDUCATION IN ELECTRONICS IDENTIFIED

Technical education in electronics can be

identified with a brief statement by *referring

to the organization chart. A techmixat education

ptognam in etealconicz witt exist £ the euk4ia-
-::4-

awn, dith itz'objectivez, ate designed to ptacek

popen. emphaaa on the rtheom counzez as welt

as on the applied COUh4e4. We will leave this

statement stand with minimum discussion here.

The ETCD project, through this report, is devoted
I

entirely to the ,concept of technical education

for electronics. The graduates will serve certain

industry manpower needs as aids to engineers

and scientists. They can provide this kind of

assistance with minimum guidance in doing devel-

opment work and non-routine jobs.

Study offietc16 De-Emphazed

Only the elements of electrostatic fields

and electromagnetic fields are necessary and

desirable for the associate degree programs.

Only that which is necessary to understand in-

. diised voltages, inductance, magnetic coupling and

dielectrics. Nothing/on such things as radiation

or antenna patterns from the theory standpoint.

Fundamentatz o6 Etectnonicz and CiAcuit Anatysiz

Emphazized

A sequence of circuit analysis courses and

a sequence of electronics cdurses, as suggested .

in earlier chapters and the Litroduction, will

satisfy the technical education requirements for

electronics education.

In'suppart of the efforts of this ETCD

project it is of interest to quote one of four

conclusions of a curriculum development study

being conducted at Wentworth Institute. Their

reports states: "Stress fundamental circuit theory

and fundamentals of electronics. Depth in the

study of fundamentals is preferable to surveys

of many devices and systems". Their other three

---retommendati ns- relate to "10%-tubesto-90% solid

state"; rela e to "actual industry practice"; and

not too Much emphasis on laboratory grading of

students.
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CiAcuit Anatyziz a M lematicat Pkocezz

Circuit analysis, rrssive or actiVe, is

purely a mathematical profess. The.response

of circuits and circuit configurations required

to give 'desired responses are determined by

writing circuit equations and evalUatinrthese

equations.

This being true we hive anoth way,

therefore, to identify electronics education

as being technical or vocational in its content

and objectives. Technical programs are those

that take advantage of the mathematical process.

One of the major concerns for this ETCD

project, and hopefully revealed in this report, :

is: How to keep the tabou o6 mathematicz
,

at a minimum and stilt take advantage o6 the

mathematical pkocezz. All circuit analysis

can be done with no. more than algebra (in-

cluding complex algebra) and trigonometry .

concepts. This is not to imply that mathe-

matics beyond thee two subjects is not required.

Watch for discussions on the needs and uses

of mathematics throughout the remainder of

this report, especially in the detailed

material for the ""six.plt,s one" courses.

SUMMARY STATEMENTS

The following statements are presented to

emphasize the information that is available from

the Organization Chart for Electronics Eduda=

tion, Fig. 1.'

a. A complete education in electronics in-

volves both teory.and applied.

b. Neglect the theory (Circuits and fields)

and electronics education becomes voca-

tionat 'education \i\n electronics.

c. Include theory sul4ects, and electronics

education becomes technicat educatign-in

electronics (Primarily the a/twits are

for two-year colleges).

d. Circuit analysis requires a mathanati. at

r.ocezz. Technica 'education in ele

tronicq_ithe_Elec ronic Technologic )1 re-

quire, therefore a sequence of m hcmatics

courses in their curricula.

/



RECOMMENDATIONS FOR CURRICULUM STRUCTURE
(GENERALIZED) ,

TWO KINDS OF PROGRAMS NEEDED

The comprehensive community college, in

,contrast to the technical institutes, is Obligat-

ed to satisfy the objectives of both'technical

education and vocational education. It is

strongly recommended that these two objectives

be,accbmplished through two kinds of programs,

especially ,in the area of electronics education.

These two programs shall not be completely

separate in- themselves but will'have a certain
.

parallel- integrated structure to be described

later in this discussion. .

In gener --...she two recommended programs

. 'A two-year associate degree program in

Etectunies Technotogy that is math-

science based. designed to 'place the

graduate at the engineering support

level.

are:

. A certificate program, less than two

years in duration, that will lead to

placement at a more vocationalllevel '

k of employment. -.).".

\
\

SPIN -OFF AND OPTION CONCEPTS OF CURRICULUM

STRUCTURE

The two programs (associate degree an

certificate) are designed into a parallel-i

tegrated,structure through a spin-off conce

as illustrated in Fig. 1 and Fig,. 2. This \

//recommended

structure is illustrated for a

quarter plan. A similar structure, with modi'

fications, would exist for the semester lan.1

The modifications for the semester pla requix
.1

1 0

a little more careful planning in the ntegrAi,bp

of subject matter to satisfy the obj ctives, in

the common terM\ for both the certi icate and

associate Aegree ,programs-. Some 1 stitutionS

may wish to spin-off to the certi icate beft

the first seMester term is compl ted.

Now, there are a number of possible and

desirable end objectives, ependent on area 'of

specialization, for both the certificate and

the associate degree'pr grams. In Fig. 2, a

spin-off into differen certificate and associate

degree programs (opt ns) is illustrated. These

options may, or may of be student options.

Eacp institution 111 decide on what options

to/offer, perhaps/only one for the certificate

and perhaps only one for the associate degree.

41.

Certificate,

Common Term

Associate Degree

`(Electronics Technology)

Fig. 1 Spin-off Concept of

Curriculum StructUre

/ NOTE: _See Fig. 2, next page.
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'DEFINITION OF SPIN-OFF CONCEPT

Under the spin-off concept, all electronic

students are placed /nto a common first quarter

of courses. Students may be grouped into math

and English courses' based upon performance

examinations, but all students take a common

first quarter electronics course entitled:

IntAoductton to EtectIontu Technology. During

this quarter of study the student decides, with

C.- 4A
Nor%



Common Term

Certificate Options

Associate Degree

Options

Fig. 2 Spin-off to Certificate

Options or to Associate

Degree Options

thehelp of counselors and faculty advisors,

whether he has the desire, 'ability, and the

motivat;on required for the various types

career\training programs found within the elec-

tronicslcurriculum.

Atthe end of the first quarter the student

selects a\ program of study that will lead to

emplo ent in the electronics industry. He may

chos with the assistance of electronics in-
\

structors and counselors, a two year associate

degree program which is math and science based

and designed\to place the graduate at the

enkineering support level, or alternate prograMs

of 'shorter length granting certificates that

would lead to placement at a more vocational

level Of employment. Examples of such certifi-

cate programs are maintenance oriented programs

in the home entertainment industries, electrical'

appliances repair and installation, or specific

short term training programs for local industrial

_needs.

The student's Spin out of the Introduction

to,Electronics Technology Course pursuing various

\\\ avenues of occupational training based upon their

motivation,and interest resulting from

1 /
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some self confidence and orientation gained

during the first quarter. The key to success

in the first quarter lies primarily in the

Introductionto,Electronics Course. It is a

hands-on experience, or laboratory oriented

course, designed to provide some real experiences

and exposures to exactly where the type of

instructions offered in the overall curriculum,

will leSd the graduate. Most of the material

learned in this course is by participation

in the laboratory. Basic skills requiring d

very minimum of mathematical insight and

scientific background are necessary. The

course is more than just a means for providing

exposure, exploration, and motivation. There

are some basic skills taught that are applicable

to all areas of electronics with very little

previous experience, or training, necessary.

However, the program is a motivation

course for the student interested in electronics,

and he is encouraged to improve his skill in

mathematics: An effort is made to show the

student that mathematics will be of great

assistance to him if he pursues the study of

electronics technology.

This is a change in the traditional

philosophy found in curri ulum development.

The difference is that inst ad of the curri-

culum establishing certain pr requisites that /.

eventually leads to screening a d ability

grouping of applicants by teacher and counsel-

ors, the vast majority of program se ction is

done by the student himself. The impor meant

implication is that the student feels that

he has selected the program that is best for

him and that he has not been encouraged and

advised into an alternate or secondary goal

of. achievement. Student identification is wh

the job opportunities available from the

alternate prograps_and;not with the rigor of

the advanced cuifricultim or associate degree.

The queion arises regarding the,possi-

bility of teaching a student, with little or

no background in electronics, an adequate
_
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amount of material necessary to qualify him foi

a maintenance and repair occupation within one

year. Careful study has indicated that funda-

mental concepts in the maintenance and repair

of electronics systems can be carefully sequenc-

ed to develop a core of courses that will teach

the. fundamentals of serticing electronics equip-

ment. Rather than hold the student off the job

market for another year to develop these skills,

the student could probably learn more if placed

carefully in industry with an experienced tech-

nician. He thereby gains the practical applica-

tion necessary, and this in the long run may

benefit the student more than an additional year

of laboratory calisthenics. Therefore, the stu-

dent is oriented towards the certificate program

from the point -of -view that this particular

program'is less than two years in length because

he will learn more bibeing placed in industry

with qualified people. The engineering support

program is two years in length because it takes

that long to develop the math and science neces-

sary for qualification into that clas'sification

cf employment. Job entay tevet is the hey to

paogaam 4etection and quatqication.

Success with the spin-off concept is to have

teachers, students, and industry convinced that

one program is not lesser or greater than another

program, but.that all programs are needed to

satisfy the diversified job opportunities avail-

able in electronics industry.

Conversations with experienced counselors

and educators have indicated the following funda-

mental problems with student counseling: The

student showing a high degree of academic achieve-

ment is more receptive to guidance and counsel-

ing, and is more readily willing to discuss his

strengths and weaknesses regarding the program

of instruction that he is interested in. The

-tudent who has a history of low academic achieve-

ment is by far less willing to be receptive to

9' counseling and guidance procedures. lie is even

less willing to discuss his strengths and weak-

nesses. The spin-off concept provides the stu-

dent with the'opportunity to see for himself, to

evaluate himself, and to convince himself that

he is either proceeding realistically or un-

realistically in his career objectives. He is

not forced into choosing lesser alternatives,

but can be made to realize that he is pursuing

different alternatives, and that he too'has a

contribution to his area of interest, If this

is obtained in the early phases of the spin-off

program, the desire and motivation to study and

succeed is more realistic. The significant

,point is that the student has a way to choose

an alternate path on.his own and maintain a

position pf respect from his parents, friends,

ane, particularly of himself.
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SPIN -OFF CONCEPT SOLVES CRITICAL PROBLEM FOR

THE COMPREHENSIVE COMMUNITY COLLEGE

The problem of the comprehensive community

college is identified in some measure by the

student poputation distaibution cuaves of Fig. 3.

Two curves are shown. One is the well known

notmote diZtAibution curve. The other is a

bimodal distaibution curve applicable *to voca-

tional-technical and occupational students. The

exact shape and pos,Won o6 the bimodal gaaph

L4 not known with certainty since published

data is no't avail' ble at this time. We have

discussed this theory with many technical

teachers and administrators and all acknowledge

the existence of the bimodal distribution.

Many have data within their files from ACT

and institutional tests to support the theory.

Each of these, of course, are only small samples.

Everyone can think of a number of factors

that might be responsible for the dip in the

center of the bimodal curve; -- student abilities

-vs-interests, differences in precollege educa-

tional programs, part of the total population

entering other than occupational programs with-

in the junior college system, absence of

those that enter advanced degree programs,

presence of adult and continuing education stu-

dents, student attitudes, the increasing need

for technical and vocational programs beyond

high school, etc.
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Fig. 3 A Bimodat DiAtnibution CuAve

suggestive of interests and aptitudes for

Technical education (T.E.) and Vocational

Education (V.E.)

Now, let us recall the first heading of

this section: "Two Kinds of Programs Needed"

in the comprehensive community college, espe-

cially for electronics education programs for

which we are prepared to discuss the problem;

If only one program in electronics educa-

tion is offered, then there is the strong,'

possibility that the one program will automatic-

ally be designed to the average which is in the

dip of the bimodal curve where there is a

minimum number of students. The immediate re-

sult is that the larger groups on either side

become discouraged and the attrition rate be-

comes quite high in a very large majority of

the two-year colleges.

Consequently, Programs in electronics educa-

tion have either been "upgraded" or "downgraded"

is an effort to attract and hold more students.

Traditionally, the technical institutes have

initiated and retained the "upgraded" program

clearly identified as technical education pro-
/

grams in eler onics. Their attrition rate is

.quite high however.
,-

The comprehensive community colleges, how-

ever, lannot contend with a high drop-out rate.

As a/ esult, their one electronics program has

been/adjusted to a more vocational level. This
/

may/keep more students that enter but, at the
/

//
'1
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same time, a number of potential students_

are not attracted to the program.

The Sotution? Adopt the spin-off concept.

NOTE: The spin-off concept is recommended

for more than theone reason that it will re-
.

duce the attrition rate. Enrollments will

increase as a result. Also, which is most

important; two separate and distinct needs

are mom. 6utty satin ied Son both the stu-

and industry. We have discussed this

'problem with industry personnel in many

industries, large and small, and their

standard criticism of the community college,

programs is: "I don't know whether I am

getting a graduate from a technical education

program or from a vocational education .rogr

4,

SPIN-OFF CONCEPT HAS SEEN APPLIED

Parkland College has used the s

concept in its electronics progra s si e

1967 when the college was first rganized.

Their students, at the split-o f point,

divide about 50-50 in the one year certificate

program and the associate d ree program.

Their attrition rate was
/

f
r, a the last

/

split-off time. They hav flee in existence

long enough to have thefir;t graduats

/from the associate de .ee program.

Willmar Area Voc tional-Technic61 Insti-
/1 /

tute, Willmar, Minn sota has used, the spin-

offoff concept since 1964. They have the

certificate prog am and three options in the

two-year techn al program.,,/The four programs

average about 16 graduates evenly distributed

/
if

in the four rograMs. They\pay.aose only one
\ -t, ,4*

to three students in all prograMs, oirthe

average. / v.
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.CHARACTERISTICS OF CURRICULUM FOR ELECTRONIC TECHNOLOGIES

The preceding section on "Recommendations

for Curriculum Structure" concentrated on the

following concepts:

1. Two programs in Electronics Education

recommended (Vocational andltechnical,

or certificate and associate degree).

2. The two programs are accomplished

through the spin-off concept: The

certificate program enhances the

associate degree program and vice versa.

In this section, we will pincentrate on

curriculum characteristics /Common to a number

of electronic technologies (communications,

control system, digital electronics, power, and

other option4 in the electrical-electronics

fierd).

THE CORE SUBJECTS IN CIRCUITS AND ELECTRONICS

Any of the options of electronics technology

requires a study of subjects and topics on the

theory side of ye electronics education spectrum.

Subjects and topics relating to the liundamentab

e6 eiecthonic4, and a/twit thea/ty represent the

core material for the various options of elec-

tronics technology. It becomes necessary, there-

fore, to identify and support that, core material

that will satisfy the needs of electronics tech-

nology programs. The discussions in the liana-

ductian and Chapte;t. I have only identified the

basic courses of circuits and electronics.

The grouping of'the theory courses into a

sequence of subjects of cihciat anaiyaio and a

sequence of subjects in etectuniu comes quite

naturally. If one takes the broadest possible

view of electronics education, that of complete

electronic syatego, a two-part grouping becomes

apparent. In analyzing any complete electronic

system, one observes that they are composed of

either or both passive and active circuits. In

other words we encounter circuits containing

only R's, L's and C's. On the other hand,
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complete electronic systems may also contain

active devices such as transistors, I.C.'s

and other controlled sources. This natural

division dictates a sequence of circuits courses

(passive circuits) and a sequence of electronics

courses (active circuits).

0In this report, we have previously identi-

fied and proposed a circuits sequence of,
1-

a. Resistive Circuits

b. Single-Time-Constant Circuits

c. Networks

Any of the options of electronics technology are

strongly dependent, with little or no adjustment

of content, on the first two courses: Resistive

Circuits and STC Circuits. The networks course,

third in the sequence,'may require considerable

adjustments dependent on the 'option. A commu-

nications option, for example, will require

emphasis on frequency response, filters, etc.

A power option would require more on three-

phase systems, delta and wyc circuits, etc.

Then, there are options in which a networks

course might be omitted completely. The first

two courses in circuits may be sufficient.

The sequence of proposed courses in

electronics, previously identified also,

consist of

a. Introduction to Electronics Technology.

b. Resistive Electronics.

c. Pulse Electronics.

d. Linear Electronics (or advanced

electronics).

The first course, INTRO, is a special case and

is given separate treatment in the following

chapter. The remaining three courses of elec-

tronics are the'true theory courses of elec-

tronics. The courses of Resiot.tve CinctiitS"

and Putse Etecun4c4 are recommended for many

of the options of electronics technology. The

last course may change as dictated by the option.



ROLE Oh CIRCUIT ANALYSIS FOR.THE ELECTRONIC TECH-

NO4OGIES

The function of a course or sequence of

courses in circuit analysis is'primarily to

develop in the student's mind a togicat, aequen-

tia thought,p4ocua that he will be able to

apply to many diversified situations. This main

function is more easily identified by considering

two possibilities: 1) the teaching of a course

in "circuits" or 2) the teaching of a course in

"circuit analysis". Consider for the moment

the "circuits" approach. An instructor will

present to his class the subject of the Wheat.:

stone Bridge by introducing the typical diamond

shaped circuit configuration and then making a

statement which might be:."This is a balanced

bridge. The bridge is balanced when the product

of opposite resistances equals the product of

the other resistances or R
1
x R

2
= R3 x R4.

Under this condition the output or detectdr volt-

age is zero". The student in turn faithfully

copies the circuit and resulting equation into

his noteboek with the intent of committing it

to memory before the next quiz. This is teaching

"circuits". One can readily imagine how the

difficulties mushroom if this is followed by a

study of other bridge configurations.
0

The concept of a "circuit analysis" approach

is quite different. The instructor may address

the same bridge circuit (unbalanced this time)

by applying the nodal method to determine the

output voltage, then examine the resulting

equations to see what changes are necessary to

make the output voltage zero. The end result -is

the same. But the means to this end are another

matter. The emphasis here is on the application

of the familiar nodal concept to achieve some

end. The latter instructor is more concerned

with the systematic application of fundamental

concepts, and the fact that R1 x R2 = R3 x R4 is

secondary. There is,nothing to be memorized,

but there is a logical thinking process to be

learned. It is this process that should be

repeatedly stressed. This logical thought process
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can be further reinforced by the careful selec-

tion of the homework problems assigned to the

student. Rather than assign problems that are

a repetition of classroom work, i.e. given

R
1,

R2, R
3
calculate R4, thepssigned problems

should be repetitions of the thought process

applied to an unfamiliar circuit configuration.

One might then adopt a definition for "circuit

analysis" as an in-depth, systematic study of,

electric circuit configurations using mathe-

matics and the fundamental circuit theories

and laws as the implements of analysis.

It would seem proper at this point to

discuis the "tools of circuit analysis", namely,

the mathematics and circuit concepts When

these "tools" are first introduced,great care

must be taken Rot to go overboard With a

lengthy discussion of all of the ramifications

of any one particular "tool". These are easily

acquired as the "tool" is being used. The

purpose of the circuit analysis course is to

analyze circuits and not to teach mathematics.

The math is acquired as a secondary goal but

is not the primary function of the analysis

course. A person who knows all there is to

know about saws and hammers but can't build

a dog house could hardly be called a carpenter.

Algebra, trigonometry, the 'S' operator, KVL,

KCL, and Norton's theorem are implements, means

or devices employed to achieve a given end.

The primary objective of the circuit

analysis sequence, the development of a logical

sequential thought process, requires special

attention and teaching techniques. To begin

with, one must discourage memorization on the

part of the student, a technique with which

he is most familiar and'accustomed to employing.

At critical points in developing a thought

process,it has been found worthwhile to require

students to close their notebooks and put away

their pencils toiencourage them to concentrate--

their attention on the instructor and the chalk

board. The instructor should also refrain from

asking on examinations those questions which

.1



require regurgitive answers. Examination ques-

tions, like homework problems, should require

reasoning on the part of the student. The first

few quizzes may be disastrous, but the student

soon gets the idea.

The emphasis on a logical, sequential thought

. process as the primary objective cannot be over-

stressed. It is this thinking ability that will

carry the student further and faster in other

courses within the curriculum as well as in later

life.

There are, secondary objectives to begained

from circuit analysis as well. With repeated

use the student 6eet6 at home with the mathematia

o6 eitcuit/iy,,and he has learned how to read

information from the resultingtquations.

Further courses, perhaps in the electrical-
_

mechanical area, can build on this ability by

showing the analogies that exist between circuit

equations and mechanical system equations. Once

the student discovers that these equations have

the 'same form, this new course becomes a logical

extension of the circuit analysis sequence.

The fundamental circuit concepts have been

firmly implanted, not by memorization, but by

tepet,iti.on o6 concept6. With continued use of

these concepts the student is well equipped to

continue on into areas of active or electronic

circuitry. Once the student has the capability

to develop the model of the device and the

conditions under which the model
)

is applicable,

the electronics problem ends, and circuit analy-

sis enters. It should be mentioned too, that the

concepts used to develop the model are concepts
. -

that are introduced and strengthened in circuit

analysis courses.

It is difficult to discuss objectives of a

sequence of courses without discussing the methods

of achieving those objectives. Any sequence of

circuit analysis courses should place emphasis

on the transfer function concept, the output-input

relationship. The circuits discussed should be

functional, that is, they should produce a desired

effect on the input. So often we are tempted to

concentrate on the student's ability to repeatedly
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solve various circuit configurati.ohs for ate

of the voltages, currents, and phase positions

possible. Yet in essence we are concerned only

with the output voltage or current and its re-

lation to the input. The instructor of a

circuit analysis course should bear in mind

that ultimately the student will be involved in

circuit synthesis, and that the circuit analy-

sis is only a means of achieving circuit

synthesis. There is a tendency on the\part of

many instructors to assume that the ability to

synthesize is inherent with the ability\to

analyze. Perhaps a course in circuit syrhesis

should follow the circuit analysis course

sequence.

The stress placed upon the output-iput

concept will do much co aid the future grOwth

of the student. It is difficult to predict

what new devices or systems will be encountered

in the years to, come. The ability to think,

logically in terms of input-output relation-

ships or transfer functions will make the

student feel comfortable when confronted with

new devices.
\

Another secondary objective produced by

circuit analysis is the ability to communicate.

The engineering technician must be able to

communicate with his supervising engineer,

and he must be able to read the many period-

icals to keep up-to-date with the field. Thus

he must be knowledgeable in the language of

engineering, mathematics and the 'S' operator,

and block diagrams and transfer, functions.

Again he,need not be an expert, but in their

use in circuit analysisicourses he has become

familiar enough with the language to feel at

ease with their use under entirely different

circumstances.

Communications, familiarity with funda-

mental concepts, the ability to use mathe-

matics and other secondary objectives are

achieved thru circuit analysis. But the

ability to think in a straight-forward logical

manner is still the primary objective, and it

is this objective Tat establi-shes.the circuit

0



analysis sequence as the core of an electronics

curriculum. The success or the failure of an

electronics program can be traced to the circuit

analysis sequence because of its core nature.

The measure of success or failure is not based

on the number of students placed in industry or

that ekter directly into a four year engineering

program. The successl'of a program is best de-

termined three to five years after the student

has graduated and is measured in terms of the

students'satisfaction and growth. Has he

managed to grow in responsibility? Is he doing

anything to further his-education? Is he doing

his thing? Is he keeping abreast of new devel-

opments or is he becoming obsolete?

If the student has become successful, then

so has been the program. And both are successful

because the circuit analysis sequence has

achieved its primary objectives, the ability to

think in a logical sequential manner.

ROLE OF COURSES IN FUNDAMENTALS OF ELECTRONICS

The theory courses in electronics should

present a logicaland.sequential grouping of the

topics that ar, currently considered to be

essential for the student to build a strong ,

foundation. The gnouping and sottencing of

topics must be stressed so that the material may

be properly covered and for the student to main-

tain a continuity of thought.

With a firm grasp of the core topics in an

electronic5 sequence, and having completed a cir-

cuits sequence, the student can then with confi-

dence rapidly expand his technical horizon.

Applied courses such as instrumentation, control

systems, communications, and computer electronics

will be more easily mastered. The student has .

the background to learn by self-study. Sub-

sequently, he willjarbach with a higher degree

of confidence.

The theory courses in electronics should

stimulate a desire 'to learn. As the student's

knowledge in the fundamentals of electronics in-

creases he finds it easier to learn. Practical

and relevant applications of the theory will

create a desire for further knowledge in the.

area. As the laboratories progress, real world

situations should be introduced as much as

possible.

In the electronics sequence, many

opportunities exist in the class assignments

and in the laboratoriesfor the students to

improve their ability in communicating facts

and ideas graphically, verbally, and in written

form. If the students are to give the proper '

attention to this important area, active support

must be given to the English Department by the

technical instructors. Many graduates find

that they are expected to do some technical

writing and give reports of their projects

shortly after employment.

The ability to work together as part of

a team is of paramount importance to the

engineering technician. This ability, or lack

of it, is often one of tike most important

criteria used by personnel managers in their

recruiting interviews. Frequently, a signi-

ficant improveme.nr in the attitudes of certain

students can be made by interested and under-

standing classroom and laboratory instructors.

The theory courses should instill an

awareness for the need to be flexible in a

rapidly changing environment. Electronic

devices that are widely used today may be

`obsolete in a short time. The sequeiv.le of

courses in the fundamentals of electronics

provides techniques and procedures of analy-

sis that are applicable to any new devices

that might be developed in the future.

THE ROLE OF MATHEMATICS FOR THE ELECTRONIC

TECHNOLOGIES

The approach taken throughout the

development work of this project is to introduce

passive circuit elemcnts through the defining

equations for the relationships between current

through and voltage across the element. Simi-

larily, the active devices in the fundamentals

of electronics sequence are introduced through

volt-ampere characteristic curves as determined .

45
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at the terminals. This is stating that more through the derivations or having a formal

emphasis is placed on the mathematics of passive nathematics background with the LaPlace trans-
---

and active devices _than on the physics of tht form. That. can come later. This approach be-,

devices. comes functional by concentrating on developing

The. mathematical approach, rather than the

physics approach, solves the particular problem

of "getting started" in the study of key seg-

ments.of the circuits and electronics courses.

Traditionally, approach to

____in-the-study-6-ciemiconductor devices, for

example, has involved lengthy discussions (in

beginning studies) of semiconductor physics,

doping, permi-levels, diffusion, etc. Granted

that all this may help the student develop an

appreciation for why these devices display the

properties they do, but it consumes time that

night be.better spent. The graduate only needs

to knoW 110K to apply the devices and understand'

their fUnction in circuits on the basis of their

volt-ampere characteristics.

Although the electronics technology curric-

ulum is math-science based, the emphasis is on

the application of mathematics to electronic

circuits rather than the study of pure mathe-

matics for mathematics sake. In this light,

many of the "mathematical problem solving tools"

employed in the analysis of circuits can be

Praccepted on faith and employed without previous

nigokom mathematicat derivations in every case.

In some cases, the proof or derivation of the

'mathematical tool will come much later in the

student'-s study of mathematics. 'Because the

mathematics, circuits and electronics courses

must be integrated within the two-year program,

we must by necessity apply certain mathematical

tools before they can he derived in the classical

mathematical sense.

Furthermore, it is questionable as to

whether mathematical tools cannot be employed

without regard to derivation or proof. This

point will be made in a numberof instances in

the detailed discussions of a later,chapter that

covers each of the courses. One good example

will be the recommendation to toe the S-operator

in STC circuits and networks without going

the student's ability to head circuits without

writing circuit equations starting fkom scratch

every time. This is done-by-paring considerable

attention to significant gkoupingrOT circuits

that have the same kind of 'response.

To return more directly to the role of
.

mathematics in an electronics technology

curriculum, experiences during the project

have revealed that certain communicating prob-

lemS are somewhat resolved,by thinking of

technical mathematics as having three functions

in the curriculum. The three functions of

technical mathematics are:

a. To serve the needs for the circuits

and electronics courses.

b. To serve the /weds of the total

curriculum.

c. To serve.the needs.for continuing

education.

The actual needs for the circuits and

electronics courses are not great provided one

is willing to u4e the available tools of mathe:

mathics. Perhaps algebra and trigonometry

could be sufficient. On the other hand, 'eon-

cspts of calculus, differential equations and

- LaPlace transforms enhance the students

appreciation of the necessary proCess of mathe-

matics considerably. Still, further, a more

thorough study of mathematics is needed for

continuing education in electronics. Much

of the unhappiness that exists about technical

math results from assuming only the one

function of "serving the needs of the electronics
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course".

Happy. conditions are likely to exist, by,

a. Acknowledging that circuit analysis

is a mathematical process.

b. By.using mathematics to advantage

(not avoiding it).

c. Keeping the mathematical labors to

a minimum (Student is not learning



circuits while in the proeesseof

cranking out the mathematics).

d. Using computer faciliti6 and the new

programmable calculators that ar

available,

THEORY COURSES SEQUENCED 70 MINIMIZE MATHEMATICAL

PROBLEMS

The sequence of courses in circuit analysis

and in the fundamentals of electronics are

designed to minimize student difficulties with

the Mathematical process, and even to increase

the students interest in the use of mathematics.

The approach that has been and is being used

in many colleges is a sequence of D-C and A-C

courses in circuit analysis. This approach

precludes the efficient use of the mathematical

process because of the fact that they are often

tied to D-C sources and sinusoidal (A-C) sources.

It is not the kind of source that determines the

relative difficulty of a problem. The order of

difficulty is determined by the presence of cir-

cuit elements (R's, C's and L's).and in what

proportion, number of each, and circuit config-

uration.

The mathematical process develops quite

naturally with early emphasis on waveiormsor-----

voltages and currents as_afunttionof t,ime.

All circuit-quantities are derived from tk and i
t

.

In Ne444ive circuits,, the driving functions

are any kinds of waveforms and the passive \ .

elements are resistive only. AO L's or C.

Concentration on v
t
and i

t
provides the back-

ground knowledge needed for the courses that

follow. New learning situations are reduced to

a minimum.
\

The STC circuits course hXs circuits where

there is, effectively, either one.equivalent

C or one equivalent L. Such circuits have a

well defined response to each driving function.

Always exponential responses, for example, when

steps, pulses or ramps are applied. The mathe-

matics to derive,not to solve, is the basic

element of calculus. The S-operator'is used

here, which reduces the math to an algebra

problem. This approach becomes acceptable in,

the proposed sequence of circuits courses.

It would not be acceptable for a D-C and A-C

sequence.

Re4i4Uve uncuits feeds the Re, thtive

Mc-tunics, course so itccan become more power-

ful. And STC circuits permits the existence of

Putze Etectunia to follow, Resistive Circuits.

The entire.set of theory courses become more

powerful.

0
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ETCDP DEVELOPMENT FOR THE ELECTRONIC TECHNOLOGIES

\
The development of curriculum and materials

by the Electronics Technology Curriculum Devel-

opment project i not unlike the techniques

followed by a sc
\

ool and an individual instriu.-
.

tor in constructing a new curriculum or in'

the upgrading of an existing oile. Many of you

have .gone through this, but in order toindicate

the philosophy underlying ETCDP and to clakify

the specific approach taken by the project, an

examination of the Aevelopmental techniques em-

ployed by the staff sums in order.
f

THREE MAJOR STEPS OF DEVELOPMENT\

Although it may seem obvious, the primary

step in the building of an electronics technology

-program is for the school to make a firm commit-

ment in terms of mongy, faculty, and physical

plant for a minimum period ofiBuror five

years. if the'program doesn't get off the ground,

in that period of time, it is unwise to coniinue.i

Simply in terms of economics, this kind of

education.is far from inexpensive. Once this

commitment is made and the level of(programs

to be offered is determined, there are three

major steps to then be taken. Reference has

previously been made to these procedures, but

specifically, for a math-science based, college --

level program, they are:

1. The identification of broad topic areas

composing theory content of this math-
.

science based college level progiam.

2. The grouping of these topic areas into

"package", or courses.

3. The sequencing of these courses and

Integrating them with the mathematics

courses.

The flow chart of the ETCDP curriculum

presented earlier represents he resultIof going

through these three efforts. In terms of the

\\project, howeyerr this foundation has been built

'earlier and we direct our efforts to whati follows

\.
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this pteparatory work. ETCDP -is primarily

concerned with what goes on in each of the

seven theory courses included in the curriculum.

The outline of developmental procedures that

follows is-applied to each of these theori,

courses.

PIWEDUnE FOLLOWED FOR EACH COURSE

The process of development of each course

isinitiated with the identification of the"

majon topice or concepts to be included in the

course. Immediately follow g, the course is

giVen structure by the seq encing of these

major topics or concepts/into a natural and

logical progression, from the elementary, to

the complex, allowing, for thebest possible

"flow" or transition froM one topic to the

next.

Upon the completion of this structuring,

careful consideration is given to each in-'

dividual topic. In concentrating on each

topic, an attempt is made to identify

diaicuttie4 CricOuntetted in the presentation'

of the topic. Amongthese difficulties en-

countered, frviuently one is faced with how

to get started in the topic as we.i as deter-

mining what 0-06tem 4avig toad dre needed

in handling the topic. A subsequent question,

that arises inconsidering-the aforementioned

"tools" is whether or not there is a need for

a rigorous mathematical derivation of each or

whether students can be asked to "buy" or

accept the tool
I

on faith. It may be a mistake

to place too much emphasis on the derivation

of tools rather Than their application to cir-

cuit problems. Another consideration made

regarding individual topics is the availability

of prepared materials applicable in the

presentation of the topic. In evaluating pre-
.

pared materials, consideration is given as to

whether they are of the proper'level as well

'1, 5,
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as whether or not they employ a satisfactory both lecture and laboratory areas.. Physically .

approach,that is compatible with the topie this learning center kuld 'include experimental

sequence used as well as the philosophy and i:4-P
ing the curriculum and instructor appropch. More:

often than hot, it becomes necessary for the

instructor to develop his own materials.

Experience has shown that upon careful

examination of an individual topic, the nature

of the topic itself oftentimes suggests amore

natural mean's, of handling the topic. This is

trde for each of the three "modes of operation";

theiigheductien of the topic, the detaited

anatoi4 of the topic, and finally the apptiea-

, tion of the topic. It should be noted at this
\

\point that these "modes of operation" do not

necessarily come into play in the order presented'

above. That is, it may be advantageous to intro-
-duce a specific topic through an application.

Traditionally we halfe introduced topics either

thrOugha discussion of physical properties or .

through a mathematical approach dnd then devel-

oping the topic and concluding it with an

application. Perhnp....the introduction of Many

topics through an application will lead to a

more thbrough understanding of the topic, espe-

cially in the study of active devices, where

the prime concern is with the input-vs-output

parameters of the device.

_Selecting a means of handling a topic involves

making two decisions for each mode of operation.

Specifically, one must select the best educatonal-

enVironment, be,it classroom or laboratory, and

select' the best method of presenting the material.

-These methods include the traditional lecticie and

laboratory experiment as well as demohstratfons,

auto-titorial methods, 'textbook presentations,

labofatory observations, and interpretation,

closed circuit TV, and films, to list only a

few. - :

facilities'and equipment, a lecture-discussion

auto-tutorial,equipmetd,., a computer outlet,

and a demonstration area as well as a library-

study space all in one large area. This learning

center concept can be emploied in the construction

ofnew physical plants, but the majority of

existing situations are composed of separate

classroom and laboratory facilities. In these

.situations, we can define classroom activities

as teatuiing eZtettii 1,e4ponse tit/Lough eacutationa,,

and laboratory activities as teattning cittc4t

4e4ponae through obsmation4, intewietottion4

and measimement4,6yppotted by utteutatCona as

needed. -A most important consideration to

keepin mind, however, is that the classroom

activities and laboratory activities must bea

closed-loop situation, each supporting the

other. To use the laboratory simply as a means/

of verifying or,applying what is learned in

the classroom is.a gross waste of both time and

instrumentation available in helping the student
1

learn. .

Laboratory activities and'laboratory mate-
,

rials are developed with the purpose of the '

I

laboratory experiment foremost 4m mik, These

purposes are identical,to the three "modes of

operhtion" mentioned earlier. One must decide

whether the 'laboratory exper ent is being de-
,

signed:

a. To introduce atnew concept.

b. To provide for the detailed analysis

of the conce t.

c. Or, to make a Licatioa or a revilow
L

THE EDUCATIONAL ENVIRONMENT

Let us now address ourselves specifically to

theAdocational environment in which our students
:44

learn. It is' felt that the ideal situation ould

bee an decttenic4 ieatatng centek, combinink

:of the topiC po "ible.

i ..,

CLASSIFICATION OF tAgORATORY LEARNING XPERIENCES

boratory,learning experiences ca be
LAI

classif cd in terms of the amountiof- irection the

student brings to bean fn controlling the lab-

oratory activie. en one end of thil continuut

is the Studeint-ceatteteed experiment/and on the

other aid tie kwstkuctot-cwittoteed
experiment'

ent.
IIf one is to use the laboratory to hest advantage,

!
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use of both extremes as well as points in between

them must be made. To identify these types of

laboratory experiments more closely! a discussion

of .each Is presented.

The student- controlled experiment is typified

by a lack of structure allowing the student com-

plete freedom to direct the learning proceqs.

, He ha* the freedomto vary. circuit parameters,

even. to their extremes and to make observations

and interpretations-regarding the effect on

circuit response. Through this freedom, thkstu-

dent has the opportunity to anstJer any questions

he may have regarding a particular circuit and ."

therefore gain insight leading to a better under-

standing of the-topic. Furthermore, the student

is goinvto have to be able to work in this

manneupon graduation and entering employment

as a techniciaR. If this type of experiment is

to be used effectively, it is imperative that

prcper ground work has preceded it and that

proper foundations have been developed so that

the student-can direct his activities in a

productive Danner.

,lhe etudent-inAtAuc404 dontutted exp./Uinta

obviously, lies between the twotextreme and makes

up the bulk of the experiments used. These

'experiments should be'designed,so that they con-

tain a minimum of structure and'appear to the

student to be non-Athuctomd, encouraging him to

take some initiative in inveatigating the circuit

under, studk....,This objective can be achieved

through the use of leading questions, sequenced

activities, and grouping'of circuits. 'A powerful

laboratory of this type, called Creative Invest&

gation.is particularly useful in this type of a

laboratory activity. More will be said about

Creative InvestInvestigation in a later discussion of

laboratory techniques. An example of student-

- instructor controlled laboratory experiment is

leading ,a student through an elementary design

problem early i.nany course through the use of a

6equence of activities.

There are many occasions-when,6ecause of the

instrumentation availaWe in the laboratory, the

in4tAucto47:contnottea laboratory experiment' is a

very useful and.effec.tive teaching.situation.

The laboratory environment is'often the ideal

place to kntrodUce new concepts, allowing the

student to make some observations and then

interpretations that lead to the concept to be

developed. trf this type of activity is to be:

employed, it should be followed up with strong

classroom support. The instructor-controlled

type of laboratory experience is needed for

the learning of many important topics such as

measurement techniques, test prOcedures, trouble

Shooting, and the application of concepts cover-

ed in the classroom. The latter is an example

of the laboratory piStriding strong support of

classroom activities.

TECHNIQUES OF LABORATORY LEARNING

Each of the different types of laboratory

learning experiences enumerated aboVe-haVe in

common many laboratory techniques to which we

will address our attention at this point. One

of the most potentially powerful is the Creative

Investigation alluded to previously. Ckeative

inastigation can be best described as a student-
,

controlled activity that is made up of four.

sequential activities. These are as follows:

a. Observation

b. Interptetation

c. MeasUrement

d. Calculation

Specifically, the student is encouraged to

obeenve the response of a circuit and make some

2iliervetation4 regarding these observations,

folloWed by taking meazukement; and finally to

"support the preceding with the calculations of

circuit response. The laboratory technique of

varying circuit, parameters works well in con-

junction with Creative InvoStigation.

A second laboratory technique that holds

much promise is the introduction of new concepts

in the laboratory. This calls, however, for

the development and use of taboutoay textbook

materials. Due'to a lack of satisfactory

materials ofthis type, considerable effort has
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been directed toward the development of this

kind of materials as well as the employment of

Creative Investigation, and the other techniques

discussed earlier. An additional laboratory

technique that has merit is that of gloupiAg of

circuits that demonstrate similar response or a

duality. Not unlike grouping techniques the

,.sequencing of circuits as-well as, laboratory.

This can be applied through the

use of individual sheets making ,up an experiment

being handed out one at a time only after the

satisfactory completion of the preceding sheet.

Although only a few lab techniques have been

discussed here, they may be sufficient to in-

dicate the areas of concentration of ETCDP as

well as point out the potential of the laboratory

as a learning environment, a potential long

overlooked. addition, the graduate of these

programs must be a "hands-on", lab oriented,

"can-do" person as well as one who is able to

analyze and design through the use of circuit

models and the mathematics.

EMPHASIS ON SYSTEMS APPROACH

There are several guidelines underlying what-

has been presented here that are not readily

apparent but are motivating in terms of what we

do and how. First, an attempt is being made to

identify some of the more important and powerful

techdiques and to develop sample materials to

demonstrate these techniques. We are not writing

a complete curriculum on a day-to-day basis.

Secondly, a strong emphasis is placed on the

systems approach.

As_a_zesult_of_a_rapidly-changing technology

where the future of even the transistor is doubt-

ful in view of the integrated circuits and

complete circuit "modules" or packages: circuits

how on the market, the graduals: of these pro-

grams must be ready to cope with and be comfort

ablI using .ny new deviCe encountered. Further-

more, he%must be familiar with how these packages

are combined,to make up complete,50tems. This

conviction is facilitated through the lqtt.,duction

(76 Etecthamix,6 Technoeogy course detailed prevl--

ously where the student ' study of electronics

begins with systems, tie electronics he is

familiar with and can relate to the real world.

The student then breaks these systems into

circuits, the building blocks of systems, and

analyzes them on a function or input-output

basis. This course could be appropriately

called, in the vernacular, "The Big Picture".

This concern with the changing technology

appears in the emphasis placed in the ETCDP

materials. Devices are studied from their

volt-ampere characteristics and their ihput

and output electrical parameters on a two

_terminal, three terminal or multi-terminal

basis, rather than from a physical basis. This

concern appears agiiin in the approach taken in

the circuits studied. They are approached

from studying the circuit response, transfer

function, or signal processing that applies.

On this basis it is felt that we can provide

the student with a heory background upon which

he can specialize as ell as cope with new

developments.

PROVIDE OPPORTUNITIES FOR INDEPENDENT LEARNING

Similarly, an attempt to allow as many

opportunities for independent learning is made,

An example of this is leaving laboratory

experiments open-ended and instituting an open

laboratory. 4Tht.'is,the student isn't able

to say "I'm finished". It has become apparent,

too, that much of what is studied could be best

treated through the use Of existing "Instruc-

tional Technology ", such as the employment of

auto-tutorial materials. movies,slides, video-

tape and the various audio-visvial equipment

and techniques.

THE INSTRUCTOR AND USE OF SOFTWARE

In developing -urriculum materials, once

a decision is made regarding topics and topic

sequence, a compromise may have to be made

regarding textbooks. Rarely is a single text

Aiitable, and two or more texts may nave to

be adopted for courses and not necessarily
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used on aCh pter 1, Chapter 2, etc. bpsis. No

commitment s made regarding semester -vs- quarter

unit timin and packaging of the curriculum or

materials Nor are rigid commitments in terms

of the ount of time allotted 'for each course

or unit made. Although the project work within

the quarter system framework, which Parkli4nd

utili es, these are problems that must be solved

on local basis.
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In donclusion, perhaps we have overlooked

the most important link in the process, the

instructor. If he isn't ,intekated in, excited

with, and enthtaiaztic aboat,the subject matter,

the student won't be either and the crucial

rapport with the students will not be developed

and capitalized upon, leaving the job undone,

regitrdless of the quality pf materials used.

fi
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S MANTICS 6F ETCD PROAECT

A number of significant words and phrases were

generated, or recalled, during the project which

------proved helpful in the development of materials

and techniques of instruction. Many of these key

words sand phrases are used in appropriate places

of this report. They are listed and discussed

briefly here to direct the reader's attention to

them. Many of these words and phrases could be

valuable guides in any institution and their

electronics departments in the developments and

revisions of curriculum and subject matter con-

tent.

CLOSED LOOP CONCEPT OF EDUCATION

Anyone can identify a number of closed-loop

situations that can provide guidelines to teach-

ing techniques and the structure of subject

matter content that will provide, more efficient

teaching and learning situations. The educational

process is seldom a one-way situation. Consider

the following as examples.

4,"71/'
_Teacher ---Student

Classroom Laboratory__

Theory Applied

Mathematics Circuit Analysis

Physics Devices1
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The examples shown below are sufficient to

illu,Strate the closed-loop concept of education,

as/Particularly needed for electronics tech-
/

nology associate degree programs. No one will

question the teacher-student interrelationship.

On the other hand, there may be too much dedi-

cation to the belief that the'classroom should

feed the laboratory in every case, or that the

laboratory should feed the classroom in every

case, or that theory shall precede applications

(or vice versa), that mathematics shall precede

circuit analysis in every ease, or that physics

is required for devices.

Suggestion:. Think of closed-loop situations

and differences of opinion will more likely be

resolved.

PATTERNS

Techniques of circuit analysis and_a study

of systems fall into definite patterns. There

are circuit configurations common to many

systems. There are many circuits that have the

same kind of response. Mathematical techniques

and procedures are repetitive.

Suggestion: Look for patterns and elec-

tronics education will become simplified,

interesting and challenging.

GROUPINGS

The term "grouping" has a cod/notation

similar to "patterns".

Suggestion: Study circuits, devices and

systems in groups as much as possible. Series,

parallel, series-parallel and STC circuits are

examples of groups. Perhaps series, parallel

and series-parallel circuits can be presented

as one group. Perhaps STC circuits should be

presented in two groups (exponential responses

and sinusoidal responses). Perhaps too much

attention should not be given to particular

devices. Maybe they can be grouped for better



results. Perhaps too much attention to one, or

a few systems is not desirable. Consider the

po44ibitity 06 yiouping. \

SEQUENCING

The complete teacher has the never-ending

and challenging job of finding some logical order

of presenting major subjects and detailed topics

within each course. Anyone who can find the one

cOmptete .sequence to satisfy all situations for

all time could become a millionaire over night.

No teacher is ever completely satisfied with a

particular textbook, for example, not even the

author himself. Even so, each teacher must

continue to.improve the sequence of topics to

satisfy new and changing requirements.

Suggestion: Avoid letting nitty-gritty

topics take complete control of sequencing.

Keep the controlling big topics in mind.

MAJOR CONCEPTS

Major concepts are those phenomena, theorems,

and techniques that are recalled and used most

often in the analysis of gitouped circuits, devices

and systems. They are concepts such as: Kirch-

hoff's laws, instantaneous values, equivalent

resistance, input-output characteristics, ratios

(or transfer fiinctions), defining equations, etc.

Suggestion: Identify major concepts for

a course (or set of courses) and let these have

a major influence on sequencing. Note': Maim

concepts atie not -the .same d6 objective.

THE PROBLEM

Identification of THE P4obtem is somewhat

related to objectkve4. There are those who

declare: "Identify the objectives 64..mt and then

proceed with curriculum structure and subject-

matter content". In any development work, this

approach leads to serious differences of opinion

and productive activity becomes difficult. Ob-

jectives are too dependent on .sequencing, guup-

cnp, majors coneept6, and a number of other

factors. The process of development of materials,

in itself,dictates the need for detailed analysis

54

of subject matter. New subjects and new

approaches must be developed before objectives

can be stated. Initially, objectives are

identified only in general terms and .then in

more specific terms.as development proceeds.

Even so, identification of THE Pubtem

(especially in laboratory activities) may be

more meaningf l to the students than stating

the objective f an experiment. Too often,

objectives are stated too loosely with too

much description. By stating THE Pubtem,

1

one is forced to be more specific and direct

about the objective of an expe iment. It's

a productive way of arriving at objectives

without identifying them as such in every case.

Suggestion: Think of objectives and

subject matter development as a closed-loop

situation.

Objectives Subject Matter
Development

KNOWLEDGE-UNDERSTANDING-APPRECIATION

This sequence of three words, when kept

in mind, may resolve certain teaching and ;

learning problems. Know edge is an accumul4-

tion of facts or phenomenon; Undeutanding/

is a mental process of putting related facts

together to assist the educational process;

and appnecuttion comes through applications,`

or knowing how facts and phenomena can he

used in the real world,

Suggestion: Give students time and

opportunity to de-iaop appreciation, while he

is trying to understand, while he is gaining

knowledge.

CREATIVE INVESTIGATION

The thought here is to encourage theory

learning in the laboratory through cfluitive

Lnv,e4tcgdtion, through a sequende of four

activities stated in order below:

a. Observe



b. Interpret

c. Measure

d. Calculate.

The reverse process, doing calculations as the

first step, is design. Many of the suggested

experiments for the courses of this report are

designed to encourage creative investigation.

Suggestion: Perhaps in the process, our

objectives should be

a. Develop students'ability to improve

as an observer.

b. Develop students'ability to make more

thorough and accurate interpretations.

c. Develop students'ability to make better

measurements.

d. Develop students'ability to make

calculations.

INTRODUCE (IN LABORATORY)

The key word here is: In/Aoduce. This sug-

. gests that the laboratory, rather than the class-

room, shall take control in the teaching of

certain concepts. -There are those who prefer

this technique to be identified as tabokatony

ontented. On the other hand, some teachers think

all new concept or problems should be introduced

in the.clas.sroom before going to the laboratory.

In the chapters on the six courses, the outline

specifies those topics where it might be better

to introduce in the laboratory as well as those

topics that should be introduced'in the classroom.

GETTING STARTED

The problems of decisiOn making in the

development of subject matter and techniques for

major topics withiA a course, the course itself,

or even for the total curriculum, are largely

resolved through a careful study on how, when

and Acne to get started.

The INTRO course (Chaptor 3) proposes getting

a good start on the total curriculum by taking

a bats toms and cLuukt 4e,spowe approach. If one

did not, believe tnis, then perhaps the course

could not serve its purpose. In any case, if

SS

the btatt<Ing approach is correct then the total

course is more likely to be a desirable one.

The subject of STC circuits, as another

example, consumed considerable project time

and effort because of the problem: How ;dget

started? Once the decision was made to use

the S-Operitor, without hesitation, as a work-

able approach, the-remaining subject matter

fell into place more easily.%

The decision not torequir a de.taited

background on the physics of evices resolved '

certain problems in getting s rted with

certain topics. There are a number of other

getting stunted situations that, hopefully, will-

be apparent to the reader in the material of

the remaining chapters.

Suggestion: Careful thought to getting

started with majors topics'will be time well

spent.

UNSTRUCTURED STRUCTURE

A teasing phrase that can have more meaning

than first glance might indicate. Ono is

continually faced with the teaching problem of

avoiding too many Cookbook instructions. Yet,

every teacher has a plan of attack, a teaching

technique of his own, whereby he hopes his stu-

dent will attain certain levels of achievement

as he proceeds. Student's faith in a teacher

is increased if he discovers that he is being

satisfactorily guided. The structure is there,

even though the student might not be aware of

it.

\ Suggestion: Strive for student's respect

Ad faith in his own ability by providing him

with opportunities to say:flI thought of that "!

When, as a matter of fact, that's what the teacher

wanted him to think, or do, all the time.

Laboratory is a good place to provide such

opportunities.



CHAPTER 3
INTRODUCTION TO ELECTRON /CS TECHNOLOGY

(INTRO COURSE

ThiA chapter?. iz devoted to the one topic, the "Inttoduction. to

Eteeittonicz Technotogy",a coutze which iz linequentty Aelielfted to as

the INTRO comze in thiz report.

It important that the /Leaden examine the inliokma,tion and

zuggeztionz az pnezented with an open mind. This cs not a con-

ventiona type coutze. Textboohz have not teen mitten that.

hats 5y the phito4ophy and zubject-mattek content as popozed he/Le.

The/Le .cis home queztion as to whether a textbook 4hiad be used,

even one wee avaitabte.

__The INTRO couue iz conzideked as extaemety .important by the

ETU project who believe that it 4howed be conzideked in any

cuaaicutum planning dm the Etectonicz Technotogie4.

An INTRO couaze iz bLng adopted by a numbet o6 etectonicz

teachero with consideubte zuccezz. The counze doe not have the

name ztauctute and content in the vatiim cottege4. Them i4

comidekabte where each .instructor can uze hiz own

innovative ideaz. The INTRO coutoe .Lo eazity'imptemented once

the phito4ophy o6 the comze iz undetztood and appreciated.
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PHILOSOPHY OF INTRO COURSE

THE TRADITIONAL APPROACH

Traditionally, electronics technology

curricula have begun the sequence of theory topics

\ with a study of atomic theory and the physics of

,electricity. Beginning at this rather abstract

point, the bedrock of the discipline, we ro-

gross into-circuit parameters (voltage, c rent,

resistance.:..), followed by circuits (pass ve

,then active), culminated by systems, the inter-

connection of circuits into complete functional

units. From the physics, to the consideration of

systems the.curriculum continually grows in scope,

-as-indidated.by the following. diagram.

, SCOPE ..m.M.MM111110

THE'NEED FOR AN INTRO COURSE

Although this is the natural and, logical

way.to devr.:1np the study, it is felt that there

is a need for ah introductory sequence through

which the student can be better ottented into

the "world .of electronics." That is, it is im-

portant that' the study be utated to the world"

the student is familiar with. Through the pro-

vision of an'opportunity for the student to

become acquainted with "the big-picture", he may

gain insight into the "whys" of what he will

study. later and thereby be better motivated as

he progresses through the sequence of courses

thta follow.

When the student begins his first term in

an electrOnics technology curriculum, his

mathematics proficiency typically precludes his

beginning a quantitative study of circuits

(via traditional approach) and, therefore, he

cannot moire immediately into the material he

is interested in, -- electronics. Rather'than

have him bide his time during that first term,

it would be much better, to prepare him fOr

the material-tilat is to come by offering him

a broad insight into the discipline. In

addition, there are many facets and topics in

electronics that do not require the math back- ,

ground that can be covered in this introductory
.

course.

In an electronics program it is necessary

to have two divergent curricula if all the stu-

dents are to.be served, in keeping with-the

community college philosophy. Typically, these

two programs are the two-year A.A.S. degree

curriculum (math-science baSed), and the one

year certificate type of curriculum. If this

introductory course is made common to both

curricula, the student doesn't need to choose

which one he will pursue until the completion

of this course. It is felt that,he will be

better equipped to make this choie
N

at this

point. In addition, both curricula have a

need for an introductory sequence and this

course provides a common base.

NATURE OF AN INTRODUCTION TO ELECTRONICS TECH-

NOLOGY COURSE

'The course must begin with the broadest "i,
, ,

*Prepared by Mr. David A. Peterson and others of the litoj*t Staff. Mr. Peterson
also has had direct experience with an INTRO course whkh he initiated at
Alpena Community. College, Alpena, Michigan.
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possible approach in terms o? scope if the student

is.to-get "the big picture". It is. felt also

that the 405ten* approach satisfies this pre-

'requisite. In other words, the sequence should

begin,-With.a'Consideration of the electronics

the student is familiar with which at this point

; . is complete electronic ayatema. These systems

should be treated on a "building block".basls.

fbat:4;_ip4ividualbuilding block functiOns

CoinbininOoprovide a total function, -- the

-systemzfunction., Following'next,we move to a

consideration of those building blocks at-

-WU-A == ónãñ input-vs-output Or function'basis.

Thefoircuts:should be handled on a response

tj- - basIs, as "black boxes" with little regard as to

JuXii'tileY'Werk-,i)Ut rather what they do. Follow-_

.'ingA-hiS'i:COnSideration is given to the indiYid-.

COMPONENTS -AND PARAMETERS .

:The course should be a laboratory directed

_ _courSe, allowing the students the opportunity

to get their hands on and use as much hardware

S.;

and instrumentation as possible. For example,

there is no reason why a beginning student can't

be-uSing_ah oscilloscope the first or second

\- laboratory session of the course.

.

The course material or topics covered should

be treated on a quaWative basis. This is not

'to say that we can't consider or measure many

parameters such.as amplitudes of yoltage and

current as well as time, frequency and gain; 6Ut

it does mean that eateutation4 are kept .to a

miniftm and that no work is done with mathematical

relationships between circuit parameters such as

\ KVL, KCL, and Ohms Law.

The course should be an overview of elect-

' ronics and an introduction to hardware. Con-

sequently, it is. crucial that just the right

amount of fill14 is spent on the course. Or

this introductory sequence, the danger of spend-
/

ing too mu ph time in the course is of more con- 2-

cern.than spending too little. We want to

ttl_t'Loduc1L and provide an oveuiew, not to go

ieeply nto the analysis of any facet of the
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sequpnce.

FOUR *MAJOR TOPICS FOR COURSE

:rho content of an. INTRO course had tour

.majdr categories. They are:

I. The Language of Electronics (including

schematic diagrams as well as termi-

nology).

II. Instrumentation and Measurements.

III.Hardware Familiarization.

IV. Concepts.

These four categories are not to be in-

terpreted as sequential topics. Rather they

are the four areas of concern or each major %.

discussion or laboratory activity.

A discussion of each of the four categories.
404..4144w41,44.

is preSented-as follows:

The Language 4,,IEteetkonia

Because schematic diagrams are employed
lit

as a major means of communicating information
:11

regarding any particular system or circuit, it

is important that the student become familiar

with them early in his study of electronics.

The conventions observed in reading and-con-

structing the schematic diagram are often-

times overlooked. A partial list of these .

conventions appears later in this discussion.'

The schematic diagram also provides an

opportunity to make use of a systems approach

in this introductory sequence. By observing,

on the schematic, that the system is composed

of blocks or circuits, and that the, circuits

are composed of individual components, the

study of schematics fits perfectly with the

system approach. .After studying schematics

in this course, the student should be able to

make the transition between a wired circuit

and its schematic as well as to wire any

schematic given its schematic diagram.

There is an overwhelming amount of ter-
.

minology that the student encounters through

hiss study of electronics, right from the be-

ginning,and this course.affords the oppor-

tunity to familarize him with much of it. The

e`fr'
/ orb



4,

instruments alone present a formidable list

to be learried if they are to be used properly.

Apartiai list of this terminology appears later

in this discussion.

Inztumentation and Meaaukements

- There are., laboratory techniques, instrumen-
,

tationand measurement procedures that the stu-

dentueeds when he encounters the laboratory

portions of the circuits and electronics courses

tijat follow. This'readiness can be developed in

this-introductory sequence. The student should

upon completion of this curse be able to use

the basic instrumentation at the, lab station in

his_fkist circuits course with ease: It is

:generally agreed, that these instruMents,must

the following pieces: dual trace

oscilloscope, function generator (with sweep

capabilities), unit pulser, vo4 and power

sUpply. Additional instruments to be covered

should-be selected by the instructor and might

include:117CTI, bridge, counter,.eurve tracer,

DVM, etc.

Handwate Famnization

In implementing the systems approach, the

Student should be afforded the opportunity to

inspect the-complete-system that he is consid-

ering with ;the schematic diagram. Some examples

of systems that might be used are a radio re-

ceiver,.t'elevision, automatic door opener, motor

speed controller, C.B. transceivers etc. When

the student' analyzes the system in terms of

block diagrams (circuits),he should identify

-thesessectioris in the actual Piece of equipMent.

When the student is concentrating on cir-

cuits-and their function, the idea <situation

irs .to Imovide him with pte-wiked a44emhZed

"btach box" ci4cf.44. These circuits might

well include .power supplies, rectifiers, filters,

iegulntors, amplifiers, feedback units, oscillat-
. --

ors,'multivibrators, triggers, sweep circuits,

detectors, discriminators, frequency doubler,

gating cireuits, etc. These circuits should be

designed so that there are no problems with

matching when they are interconnected to form
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systems. There are several eommercial pre=

wired units that can be used to advantage in

this sequence.

-After studying some circuits, on a function

basis, the student concentrates on the circuit

with its individual circuit components. He

should become familiar with the common coM-

ponents. He should become familiar with the

common amponents found in the laboratory:

redistorsi capacitors, inductors, transformers,,

transistors, diodes, tubes, I.C.'s, triacs,

SCR's, switches, etc. This might well be

followed up with the te;hniques of bread-

boarding, soldering, and pi-etc-typing;

InIn terms of providing the student with

additional motivation, it may well be advali..,-
. -

tageoud to have the student constructing_a

simple project for his own use in thiS.couise.

There is danger, however, of letting these

projects get too involved. They shpuld'be -

kept simple and involve a minimum of time,

but yet allow an opportunity for the student

to get some experience in nrototyping, layout,

assembly and soldering.

Concept4

The student needs, if this introductory

course is to be meaningful especially in

terms of use of the 'ument, to understand

voltage as a force Trent as a resultant -

of this foice. These .cher.simple-minded

definitions allow him to grasp the balance

of the content of the course. No further

definitions of parameters are presented at this

point. The student should be introduced to

common waveforms:observe them on his

oscilloscope, and learn to express 'them-both

mathematically and'graphically.

This Point is an excellent one for the

inclusion of study of the slide rule and its

use as well as scientific notationiand metric,

terminology.

Much work can be done in learning of

\

.o
concepts such as time-frequency relationships,

gain attenuation, modulation, feedback fre-4



quency SpectruM, harmoniCs., and phase, to list.

only a ,few. These concepts can all, be treated

qualitative manner in. order to better pre-
..

pare the student for a rigorous analysis of them

Included also should be the color code

and a study of switches and switching.

Thioughout thecourse, the student should

be provided -with exposure to the electronics

industry through visits or fieldtrips to in-

dUStiYifilms- and speakers from industry. This

enables. the student to get a better feeling for

what goes, on:

after approaching electronics from

brciad viewpoint and growing narrower in scope,

the-phYsidSaf electricity is now covered. Our

diagram,of:Fig. 1 can now be modified as in

Fig-. 2 that Shows an inverted pyramid for the

iifikotourse on top ofthe traditional pyramid.

The inverted, pyramid for theINTRO course is

expanded in Fig. 3.to reveal some of the detailed

contents -Of the four categories.

4
TIME ALLOTTEDTO INTRODUCTION TO ELECTRONICS

TECHNOLOGY COURSE

Because the emphasis in this sequence is

On getting ready for following courses, the

time spent on it is of much concern. It is felt

that this lab - oriented course should receive

'between 40 ctock how as alnittimum and 60 clock

hout4 as a maximum. This can be broken down

as folloi4s:

Semesta Bas.i)s ( 15 wk .s ) Quanta Ba.s.Z.s (11 (oh )

1 hr. lecture/week 1 hr. lecture/week=

2-3'hrs. lab /week 3-4 hrs. lab/week

information.

A Schematic Diagham

1. Shows the sequence of signal operations.

2. STiows the dependence of each Circuit

block on neighboring. blocks.

3. Provides-a pattern for troubleshooting

the system,. . -

4. Provides a method for locating.the-parts

of the chassis.

S. Shows mechanical connections, linkages,

or grouping of components.

6. Shows external connections.

7. Shows relative importance of components.

8. Shows interconnection of components.

9. Tells values and limitations of the .

components.

10. Signal flows friim left to.right.

11.Signal components (coupling) are generally

connected hroizontally.

12. Power flows upor down.

13. Power components are generally connected

vertically.

14. All lines are drawn either horizontally

qr vertically, unless spetifically re-

quired by the symmetry of the circuit.

1S. Ground is always at the bottom.

16'. All test points, components, connections,'

pinlocationS; etc. are labelled.

17. Overall symmetry must be upheld through:

a. evenly Spaced components

b. Similar components are placed at same

level on the schematic

c. parallel ,;onstrnction

d. progressive construction

Standard symbols and conventions are used.

Function and importance of components and

circuits are indicated through component

placement and orientation.

Additional discussion of schematic diagrams

can be found in Chapter 7.

18.

would serve no purpose to allow more time to
19.

the course. We only wish to "wet their appetites"

not "feed 'em".

o A
,-scam4ric DAGRAMS PROVIDE MUCH INFORMATION

The following are'presented to revealhe

tremendous amount of information that can be

found on, schematic diagrams of electronic sys-

tems. Schematic diagrams should be used freely

in the INTRO course as an excellent source, of

4
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-"INTRODUCTION TO

-ELECTRONICS

TECHNOLOGY"

.COURSE

SYSTEMS

CIRCUITS

PARAMETERS
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'TECHNOLOGY
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(6'THEORY COURSES)
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CIRCUIT
PARAMETERS
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a

SYSTEMS.

Fig. 2

Inverted P.yrami -' Approach
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BASIC INSTRUMENTS

it

LANGUAGE OF INTRO COURSE

0

. . polarity

Nit getting started in the Ih1A0 etion to It
.

.

' EticAunic4 Technoagy sequence, the e are three AC

prbrequiSite studies that,mai be m

might,Su'spect, these prerequisiiCs,
-.6 1

. .

area -of instruments. If our study b systems,
t .

i
1sub-systems, circuits, and components in the.

lead time base

mode sweep'

axis delay

de. As one trigger BNC
,

ground

re in the

I

laboratOrysis4to be effective, the student Must bp
I

able .tOuse the oacittoacope, 6unation genetaton,

'apcVpoweTupptie4 obtil'ease. ters are not
. ,

treated-a -this poik for the rea
I

they.

.are relatively. fragile and that s udy opens i;

up. the 'c'an of wormS'4 dealing with AC, DC, rms,
1

avg, and average values.

Ideally, the first of these instruments to 1

I

. treat is the oscilloscope for measuring amplitude,

frequency, And time) This is best facilitated

.through the use of a CeittAat cy.atiibution zotem

in the lab i4hich.perrts the instructorto"Ake

. the waVeforMs to be considered (including D.C-'

'available at every station S.imultaneouSly. The

students can then dir ct all their attention to

-..! observing and evaluating these waveforMs in their

introductory sequence in oscilloscope usage.

Furthermore, the student doesn't have to learn .

i , .

the signal,soUrce simultaneously with the

oscilloscope.

TH OSCILLOSCOPE

The goal that is kept in mind is that we

nt to be-able-to-identi-fy-wave,

forms on the oscilloscope in addition to measur-

inging their amplitude, freilue;Cy and period

A partial list of the sinology encounter-

ed with the "scope" follows:

oscilloscope calibration

trace sync

chop gratitude

alternate magnifier

deflection, multiplier

display probe

compensation

_IparillaN

beam

/ focus

tensity'

Aktigmat

NOTE: 'For thisand other11sts, to follow, it

is Suilleted tha the student be prelent-
r .

ed witli cetecte set of terms to be I

Ailt. .

placed in a persona notebook for latei ,

, reference witlihis comments as he becoMeS

sufficiently 'familiar with them. This
...

I

could be'done with each laboratory

'activity.

FUNCTION GENERATOR

40

Once the oscilloseopeiis mastered, attentibti

.ought to be directed to the signal source or

6unetion,.genertato4. The function generator cant

be learned much easier now that the student I

Can observC the effect of varying the level,

9 waveform, and frequency of the generator out-

put on his oscilloscopo.trace. The problem

here is for the student to-learn toset up thef\s.

function generator to produce any specified

'apt aveform"of designated amplitude sand

fr quency.

Onte again, terminology is encoontered

that might.440tcw to thq student. A partial

44

.

list follows:

square wave

waveshapc

trigger

Hertz

slope

sweep width attenuation'
triangtaar sine-wav

sweep Fite

freqdbOcy I,

,continuous /

period

sweep

manual.

'pulse rate frequency

;

BENCH POWER SUPPLY

Finallyethe bench power supply should be
!

.treated-so thNub-s stems and, circuits can be
. .

I

examined alone, out of the system. After,

'completing this initial study Phebenchipower
,

-



0
. ..

-sUpply'the'Student shjrld be able t ,adjUst and

-conneCt-itie,any circuit terminaWwith the
.

. --_ . . -

-corritit level and polarity. Terminology en-

cOuneered_inclUdes:." ,

/
. .

/milliamperes capacity positive negative,

.volts . ground ripple AC DC

level current polarity
N

short
:,

circuit current
/

OTHERINSTRUMEWS

0

Automated sequence fontrol:system,

Light actuated 'control systems

BREAKING'SVSTEMSINTO SUB-SYSTEMS

An example of !IOW these systems might-be

()token down into auti-aostemis curd segiancid is

purposespresented here fer u of illustration:

. I. P.A. System [Frst.SysteM Studied]

a. Transducers )

b. Pre-aMp )

1Sub-Systems and

ir I Circuits
The other instruments round in thplab-

oratery,are chosen by the nstructor

study. 'However, the analog

'meters,.turVe tracer,, and bridges,are recommended.

-1IncevAgain,r,the terminology encountered must

4iWay's.'belceat foremost in mind. For example,

the- analog - meters invol a terms such'ai: .

-Milliampere

db

-range.
t.

ohms

aipereS

reset

microaiperes

zero !

AC'

DC

non-linear

multipliers

lead

linear

volts

SUGGESTED SYSTEMS TO STUDY (

Intudu4ion to EteettonicA Tgchnotogy

sequence, if it is to offer the "Big Picture ",
1

Should be Wilt around approaching electronics'

from a apAemla view-point:. The objective is for

the:itudellt to realize that all systems are

composed of sub- systems with dicrete functions

that, when added together, result in the totll

system function. Furtheimoie, it needs to be

'zed--thatthere-are--mbrahouttwodozem-of

C.. Power amp

d. Pobier /

. .%
4

2. A.M, Radio Receiver [SecondSystem StUdiedi

a: Transduceis';

b. itarter-
. ,

c. Oscillato ).-
0

d. )

'e. I.F. amp

f. Detector Circuits
Sub-Systems and

g. Pre -amp '

h. Power andp *.} el.

i. Power supply ) I

Note that in this 2.- system sequence; when the

student looks at the A,Mt1 radio receiverhe

already is familiarlwith the loudspeaker aa

transducer (a), andlthat,he is familiar-with

the pre-amp, power amp; and power supply (g,

h, i). He now can direct his attention to .

the S new sub-systems and how they fit into

the system. This.seCond system'should tie

followed with another that incorporates both

new and familiar Circuits

these sub-sxitemS-anethat the way they are inter-
.

;tonnected determines the.system function.

r.Possible systems to study might well

include:

Public address'system

A.M. receiver

T:V. receiver.

Motor speed control /

Receivei=transmitter

Closed circuit Monitoring system

a,

Terminology encountered when examining

systems includes:

signal processing block diagram

input output

schematic power flow

cascading symbols

,(Remainder depends on systems -used)

response time

transducer

feedback

SUMMARY OF BASIC SUB-SYSTEMS _

The sub-systems that make up the bulk of

I-



-electibnic'Systems.are outlined below. .The aim

fl.thiS,..siudy is fOr the'siudent to learn the

Aukapit. of each sub-system on a quatamtive

.:basiS-and be 'able to identify the aigpat porn

di44;64'-figictiOn of each.

3. -POWer-SOpplies

1, rectifiers

6. ,fikiei*

t.. .blidders.

:41;-regulators

e:. power supplies terminology

voltage regulatOT-----filter

4ranSitimer

= bleeder

_half .Wave

riopik

metallic

,&. D.C.

poWer

C. 'small signal

a. AF -RF -IF

cascaded

tuned (Do frequency doubler here)

Amplifiers terminology

frequency responses small signal

e.

,f.

"g

--...'

capacitor-

rectifiers

choke

cefttefilap_

full wave

bridge

regulators

D.C.

RF IF

tuned.

bias

power

cascaded

. coupling-

gain

output 2:input "2

-3-distortion--------

Oscillators (Feedback and Switching)

a, sinusoidal

b. rectangular (Multivibrators)

c. triangular

d., oscillators terminology

/phaseshift crystal

multivibrat rs-.

Colpirs I

blodkIng 1

cUt-pfk

AF

bootstrap ramp

frequency

Hartley

Miller

switching

saturation

pulse rate astable

,falltime

Feedback (regeneration and non-

!
regenarative)

1

4. ogic:Circuits

i . 14MiD, OR

- 1,1: NAND, NOR, NOT

/c/ . counters

- i'd. logic circuits terminology

risetime

66

AND; OR, NAND,

NOR, NOT.

monostable

octal

matrix

Wave Shaping Circuits

a. differentiators

b. integrators

c_ clampers

d---clippers

e. others

f. waveshaping terminology
_.

differentiation

integration

clamper

-'initial value

positive peak

area

shift register. .

-b is table

decimal

register

binary

asymptotic value

exponential

clipper

DC level

negative peak

6. Special Purpose Sub-Systems

a. mixers

b.. time programmable switch-1

c. magnetic circuits'

d. other

e-special purpose sub.-sistems terminology

Termindlogy depends upod those sub-systems

included in the-g-tUdy:

COMPONENTS

In dealing with component4 in the Intto-

ducVon to Eiectftonics Technology sequence,

the goal should be for the student to be able

to 4.denti6y and to demomtAate a quaatative

undeutandipg of the liunction of each.. A list-

ing oftsuggested components and associated
. .

4:-

era



terminology follows:

1. Resistors

a. -types

1. carbon composition

2. wire ound
1.

3., pinch 0110s technoibgy

ratings a9d toleances

c. olor cod 1 and std. sizes

d. ;pots-and r eostats

e. resistor terminology

deposit film' mult4turn pots

'

carbon wire: wound

pinch /eOlerance

wattage / pots

rheostats .1 -linear

taper if color code

leads A

1,1, multiplier

2. Capacitors
7

a. types

1. ceramic '

2.--paper

3. ele' trolytic
7 -

4. others .1

b. ratings.

, 1. pcwv

2. temperature

c. sizes

d. capacitor terminology

On-polarized

plates i

amic

paper

to t alum

pCy arizdd

of

su ge

breakdown

tr mmer

3. Inductors

a: types

b. ap lications

1 filters

/2. R.F.

electrolytic
5

dielectric

molar

UCWV

farad

tuner

paddei

leakage

pfd

1

c. in uctor-associated Fermintlogy

tumor lewound bifilarl wound filter

millihenry- DC curlent choke'

swinging ripple] henry

, .

RF DC ohms.' Q

4. Transformers

a. power

b. audio

c. pulse
i

'd. transformer terminolOgy

voltage ratio add currents . aud
,

trimary
l

! secondary k
1

tarns' ratio .power ratio M

11. power trInsistor pulse

\

step-up step-down couple

,

dote less /pperloss
,.....

hysteresis
]

S. TransducerS

a. electrical to mec anical
.,.

b. electrical to heat

c. electrical to ligilt-

\

I

d. electrical to sound

1 e. electrical to Chemical

f. transducer terminology

Depends on thtype used, however, a

1 partial liist follows:

0

g

thermocouple, thermistor strain gauge

speaker microphone photodiode

photocell etc. etc.

6. Devices

a. transistors

b. diodes

c.\ metallic rectifiers

d.i vacuum tubes

e.1 device terminology

capacitance saturation barriers

collector emitter base

curve input output

junction breakdown cutoff

potential
cc vice

common NP v
be

filament stability 'knee

vacuum metallic PN

epicap Zener tunnel



bias (forward, reverse)

. resistance

7. Motors and Generators (easy does it)

HARDWARE

The hardware encountered in the electronic

industry can be very formidable to the new

electrimicsstudent. The reason for a study

of basic hardware -is to familiarize the student

' with the basic techniques and gadgets used to

support:and package electronic systems, sub-

systethi and components. A partial list of

possible hardware follows:

Hardware:

board construction

sockets and bases

wire and sizes

breadboarding

soldering

chassis construction

vector board and systems

component mounting

fuses switching

heat sinks

"fasteners

Connectors

. Hardware terminology;

silkscreen

soldering

twin line

alligator

nuvistor

terminal

solder

vector

screw

resin

9 pin,

phone

flux

coax

connectors fahnestock

pan brake photoetsh

heat sink RCA phone

nibblers phillips

switches .military

' breakers sockets

layout banana'

inline type

round board

shear phono

novar fuses

7 pin NASA,

`4 lead etch

tin pan

BNC UGS

dold'solder .punch rivets

inline decal UHF connector

circular mills heat application

4.40:6-32, 8=24 nuts

etc.

etc.

etc.

CONCEPTS

In addition to familiarizatiOn, the

lanoduction to ELakonic4 TechnoZogy sequence

should alSo co.vey certain concepts. List of

these concepts follows:

Concepts:

a. \voltage as a force.

b. \current as a resultant

c. instantaneous quantities

d. waveform descriptions

e. gain __-

f. attenuation

g. time delay

h. distortion

i. modulation

j. demodulation

k. feedback

1. frequency spectrum #

m. frequency respons.e

n. harmonics

o. freq. =
1

This introductory sequence, in order to

provide a view of the "Big Picture" of elect-

ronics, should offer the student.a view of

the work of the technician. This kind of

material can be handled through the use of

field trips, discussions, seminars, movies

and visiting lecturers. Examination of this
. .

area enables the student to make a more

effective choice in -terms of his own career

plans.

SPECIAL SOURCES OF INFORMATION

Among the assorted materials and handouts

needed in order to supplement the. class and

° laboratory materials are schematic diagrams

photo resist and block diagrams of the systems studied,

circuit diagrams of the sub-systems, and

catalcgs to be used to familiarize the stu-

dent with hardware, components, and systems.

. A partial' list of sourc s may be found in the

appendix.
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ILLINOIS CENTRAL COLLEGE REPORT*

The Introduction to Electronics Technology

course is taught during the first quarteror

semester depending on the sch4o1 plan. It Par-

allels Resistive Circuits "the semester plane

and precedes it in the quarter plan.

To paraphrase the movie makers of today,

possibl)v more appropriate name for the course

would be "The Big-Picture;" or better yet since

a primary objective of the course is to acquaint

the student with the field of electronics tech-

nolOgy, "The Big.Picture of Electronics."

one of the age-old problems of two-year

technich schools has been. to package the nec-

essary topics and materials.into a two-year

period. At the same time we are faced with the

problem of how to organize the courses as well

as the course sequence so as to be most effective.

Keep in mind that we need the student to be

aware of "where he is going" while progressing

through this two-year sequence. Logic seems to

dictate that we should begin with an overview

of "what is to come."

Therefore, the objectives for' the Course

are:

1. To provide the student with an oppor-

tunity to observe electronic circuits

in,operation and wavefoims associated

with them as well.

2. To familiarize the student with ,,ro-

fessional electronics test instruments.

3. To generate within the student an

Pappreciation of'.' and "interest in"

ELECTROCCS TECHNOLOGY.

Thefirst few sessions are devoted pri-

marily to the measurement of curIent, voltage,

and resistance. This segment cf the course

should be as brief asjossible, and one should

move,on to the electronic circuits which are

to be investigated. Plenty of opportunities

exist to measure E, I, and R while investigat-

ing electronic circuits. At thi$ point, let

me emphasize that instruments should be in-

troduced as 'they, are needed -to analyze the

function of eleCtronic circuits and components.

For instance, the oscilloscope should be in-

troduced when it is needed to measure V. yf

an electronit circuit. Oith this approach;

students tend to regard instruments in their

proper perspective;* i.e., as useful and

necessary tools for investigation and analyses

rather than something with which to play.

Now domes the WHAT, WHY, and HOW; that

is, what:Will weliestUdyi4, why will we be

studying/it, and how will we make the in-
/

vestigation.

The first objective, as stated earlier,

is to provide the student with an opportunity

to observe functional electronic circuits

and waveforms associated with them; as well

as, how they are used collectively to form.

systems. One Could use either of twoo approaches

in meeting this objective. First, a citcuit-

to-sy4tem approach. The student is introduced

to circuits on an individual basis and finally

studies them collectively as a systeth. He has

little idea of what system the individual cir-

cuits will eventually make. Secondly, a

. 4y4tem4-to-cineu,U4 approach. This approach

seems natural since students are used to see-

ing systems such as radios, televisions,

cartridge players, etc. Initially,, the stu-

dent investigates the system and gains "in-

sight to" and "appreciation of' its overall

function and purpose. Next he analyzes the

individual circuits of the system by investi-

gating input-output waveforms and/or volt-
.

*Prepared by Robert T. Wilson, Coordinator of Electronics, Illinois Ceniral College,
East Peoria,,,Illinois and presented at Electronics Technology Conference,

.February 26, 1970. Mr. Wilson is a member of the Steering Committee.

/ r
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it
ampere characteristics. He then can connect the

system again and observe its operation for the

second time. At this point I believe that I

shogld define a term which i.have been using in

this presentation. I define a "system" as being

a group of electronic circuits which have inputs

and outputs which are usually non - electrical.

A motor speed control would be a good example

As would an electric garage door opener where

'a button is'pushed and the response is mechani-

cal, i.e., for a door to open. Some individuals

involved in the project prefer the term "sub-
,

system" instead of "circuit." The systems to

circuits approach provides- the opportunity to

use a closed loop educational technique as

follows:

A. Study of the functional system

1 B. Study,of circuits

-C. Study of the functional system

I view the systems to circuits approach as being

the more valuable method for these reasons:

1. Places an operative system be*ore the

student prior to investigati/on- of the

individual circuits (or building blocks)

2. Tends to hold student in better

thin circuits to systems/ approach.

3. Allows the student to relate the in-

diVidual circuits back:to the system

as he is studying

How dO we implement the study, that is,

what materials will we need and so on? The

method of implementation/will depend upon two

primary factors:

1. What type of/system the school operates

on, that is, /the quarter system or

the semester system.

2. On the ilividual instructor's prefer-

ence.

Experience/Islaught us that this course

can be taught ffectively with fifty to sixty

clock hours. If five hours per we ur lab,

one lecture are devoted to this urse n the

quarter sy tem or four hours per week (three

10, one, ecture) on the semester plan, we have

our necissary hours. Some instructors who Use

highly developed hardware systems,tlaim they

teach the course in- approximately' forty clock.

hours. The/ lab-lecture hours rlt:,o clearly

indicates/thaethis is a "HANDS-ON" lab-oriented

course. /The majority of the learning takes

place in the lab rather than outside of class

through the use of written materials.

Hardware used in the course depends on

instructor preference and availability of

materials. Some instructors prefer to use

discrete components and ke the student

assemble and tear down each,,circuit. Others

prefer to use circuits already on breadboards

or built in boxes where minimal amount of time

is devoted to set-up and teardown.' Certainly

eaci method has its advantages.

David Peterson of the Project Staff

recommends that a set of circuits be construct-

edin individual metal boxes whereby students

can build systems by plugging boxes together.

After analysis on the systems basis, this

plug arrangement lends itself to individual

plug investigation. That is, each plug could

be studied.on an input.:outputlbasis when

connected to the power supply plug. While this

approach might not be feasible,for each system

studied, it would aid the,student in develop-

ing the systems to circuits approach. Plug-

in or plug together hardware systems which

might be used for parts.of this course are

becoming more readily available. Others in-

volved in the project recommend the fabrica-

tion of breadboard circuits. These circuits,

too, can be connected as systems for initial

investigation and then studied on an individ-

ual basis.

Thirdly, and initially the easiest method

would be to use discrete components in lab-

oratory investigations. This method obviously

is more time consuming but has other equally

apparent advantages.

The instructor may desire to use more

than one of these hardware systems in lab-

oratory investigations. As time allows, how-

ever, we recommend that as many systems as
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possible be built for the students. Once you

have settled on one or more of the hardware

systems for laboratory use you may then give

attention to laboratory investigation. I believe

that emphasis on laboratory investigation should

be on a qualitative basis rather than quantita-.

tive. There is need foI only a small amount of

quantitative analysis. Let the student first

look at a-System and observe its overall function

and he will then be eager t.) investigate the
0

.individual circuits of that system. Investiga-

tion-of individual circuits will consist primari-

ly of the observation of input and output wave-

forms. Studepts can also vary circuit components

andobserve the resulting change in time .varying
. .

waveforms.

WeJlave found a great deal of materials for

use in this class. You will find industries

extremely cooperitive in providing schematic and

block diagrams for study. Due to the nature and

scope of this course, it has not been any surprise

to us that we have not found what we consider

.an appropriate textbook. Most student materials -

for this course are hand-out4 which-guide the

student in his investigation. Let me emphasize

that I believe that each investigatio& or

experiment should be highly structured but yet

not be a step-by-step directive.

You may be wondering by now just what

building blocks can be investigated in a course

such as this. As.an example, let me discuss

with you the topics which Ray Engelland of the

Willmar Area Vocational Technical Institute,

Willmar, Minnesota, covers in his Introdi,...zion

to Electronics Technology course. Ray requires

the students to proceed through the first four

of these topics in.the order shown. Once they

have finished the first four topics, they are

free to complete, remaining lab 'topics in

order of theii choice. Most of us involved in

the project are using a list of topics similar

to Mr. Engelland's.

1. Electronic Voltmeter (voltage and

resistance 1

2. Multimeter (vortage, resistance, and
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current).

3. Oscilloscope (peak and peak-to-

peak voltage)

4. Audio frequency generator (sine

- and square waves)

S. Half wave rectifier (no filter)

6.. Full wave rectifier (no filter)

7. Full wave and half wave rectifier

(with filters)

8. Lo voltage doubler

9. DC voltage amplifier

10. AC voltage amplifier

11. Paraptase amplifier

12. Phsh /Pull power amplifier (mike

and speaker)

13. Relaxation oscillator

14. _Hartley oscillator

15. ,Colpitts oscillator

16. Ohaseshift oscillator

17. Blocking oscillator

18. Unijunction oscillator

19. Astable multivibrator

20. Monostable multivibrator

21. Bistable multivibrator

22. Clocked Set/Clear flip/flop

23. Miller Run up circuit

24. Schmidt trigger

25. Triac control circuit

26. -Time delay relay

27. Light operated relay

28. Limitdrs

29. Clampers

30. Electronic Counters

Systems studied in Introduction to Elect-

ronics Technology should be as simple as

possible and relevant to student interest. For

instance, like to use the Time P4opammabte

Exec tone. Switch System for the purpose of

introduci g the student to UJT and SCR devices.

Imm diately the student Can es.ee the pur-

poses f 4 the system and, thereA%fore, develops

an est in studying the V cir-

cuits nvolved in the system. The student's

inter st is aroused'when he se,the system

'oper to initially, and he mayi'want to fabricate



a simple system such as this one on his own out-

side the classroom. Here'is an example of a

-system which one of my beginning students con-

structed on his own while enrolled in Introduction

to Electronics Technology. fie cut. the PC board

and wired the circuit of :this Time PAogummabte

EtectrOnic Statch System. I did not know that
\

he was working on the system until it was nearly

complete& and he showed it to me.' Needless to

say, this young man profited from the course

and is doing well in the second semester of his.

freshman year.

You may have guessed by now that we feel

this is the NUMBER ONE course in the entire

curriculum. We believe it must be NUMBER ONE

for several reasons:

1. It can provide a common backgroUnd for

studentstin all electronic programs.

2. Gives the student a preview of' What-

is to come in later courses.

3. Keeps them coming back; that is, it

will help to interest and motivate

r

\

students who you might otherwise lose. .

4. .Provides opportunity\ or vocational

guidance through the us of field

trips, films, listening to
\
technicians '

speak about his job in indus Ty, etc.

And finally, the most important key to

success in this course is the instructor.
\
\
He

*must be enthusiastic so as to excite the stuklent

O

about electronics. The instructdr must be con-

vinced that he is teaching the most important \\\\

course in the curriculum. He must choose hard-

ware and software which provides him with-the

greatest teaching effectiveness. Introduction

to Electronics Technology provides him with an

excellent opportunity to work closely with,stu-

dents and to develop that ever necessary char-

acteristic of rapport. Many things Can be done

to interest students - quite obviously limited

only by the instructor's imagination. After

teaching the course three times, I am firmly

convinced of the value of Introduction to Elect-

ronics Technology in this electronics curriculum.
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5WILLMAR AREA VOTECH ItsthT;TUTE REPORT

.

The INTRO course as taught at Willmar Area

Vocational Technical Institute is entirely a .

The experiments in this series'as used at

our institution are written around the material

lab oriented course. The introductory informa- that was available in our lab. Each lab has

tion And demonstrations are made in the labord'- . some of_the components and circuits which,are

tory area. The laboratory, the printed instruc- around bi not being used. -We happened' to

. have a complete set of demonstration equipment

along with student trainers. The circuits and

panels' are used as the basic hardware for the

to- prepared information sheet, and the refer-
,

,ence-material make up the contents of this

Course. The basis.of this course is to give

the student an opportunity to use the "hands on"
e.

approach -to learning some general .concepts of

eleCtionics- The major objective of the course

is to provide the students with an opportunity

16 Observe the operation'of a group of practical

popular circuits which are the building blocks

of all eleCtrenic systems. This particular

system is used in an attempt to provide incentive,.

motivation, interest, and, curiosity in the field

of electronics; The course is taught simulta-

neously with a separate course in circuit analy-

sis. The color code, soldering, use of basic

hand tools is covered in.the lab section of the

circuits course. There isIno particular reason

for approaching it in this way and I am sure

ere are better approaches.. It just happens

to e the way that we do it. No attempt is

made tq study the complete theory of operation

of any o the circuits at this stage in the stu-

dent's deve opment.. The student will have an
\

opportunity to study the individual circuits in

depth in the othe courses which follow.

Keeping in mind\that the student that en-

rolls in our program is there because he feels

that he is interested in electronics we attempt,

through a course such as this, to nurture and

develop that interest.

course.

We feel that all circuits should be buiq

for the student to avoid spending 3/4 of every

lab session building by and tearing down cir-

cuits.

The experiments except fOr the firSt four

can be taken in any order so the student

be rotated by the hardware. There are 'a few

of the experiments or experiences, in which a
2

sequence is desirable but not absolutely nec-

essary for success of the program.

. The experiments all' follow basically the

samefoiratiwhich we feel gives the student

an opportnnity to progress without a great

deal Of conflict. 'rile format is a part of the

teaching teckitifie that is based on the idea

of keeping the'student interested. We do "not

feel that it is necessary to "entertain".the '

student with gadgets. However, we do think

that the student must be given experiences;

that will interest him and hopefully motivate

him to further study of the subjeCt: The

format Alt we have found successful in'our

situation basically 'starts by telling what

the device or circuit is, what if doesodwhere

it is used, how it.is used, the.circuit dia-

gram showing all of the strategic points in-

*Prepared by Ray A. Engelland, Electronics Department Chairman, Willmar Area
Vocational-Technical Institute, Willmar, Minnesota. Mr. Engelland is a member

of the Project Staff. His report represents one of the first efforts to
organize and operate a complete course on the concept of an Intneducti.on to
Etectuniu Technology course.

7

73



. . . -

bluding_expected waveforms for voltageo How it

works in :Very qdalitative manner., which7COmpo-

hents:orarameters are variable, the.operating

Troceddre (bailed gei the.circulewbrking),

Changes in - conditions or parameters 'to allow
.

64SerVance of the circuitor deVibe'behavior,'

listing references where additional information

can-be obtained, and conclusions fox-the:stu-

dent:to comple0'.
..

1111e4orieWfng is the list of experiments
-.-. --.

-and-the 'genera order in, whic th'ese experiments.
,

iretOmPleted-b3i the stndents., .

'. EleCtrOnic Voltmeter (voltage and
,f

resistinbe)

2. Multiieter-(voltage, resistance and

tdient). p
,

3: OseillOscope (peak an peak to .peak
.

veriageS)

4. 'AU nerator (sine and

: . S4 are waves) 0

5. Hil Wave rectifier (nofilter)

6. Ful1 wave rectifier (no filter)

,7: .Fuliiive-and half wave rectifier

.. (with filters)

8, "Lo. voltage doubler

9. DO. voltage amplifier

10:- ACyOltage.amplifier

11.-: Paraphase amplifier

12. Push/Pull power amplifier (mike and

speaker)

13. -Relaxation oscillator

14. Hartley .oscillator

1. --Colpittsosbillator,

.16. Pha"se shift oscillator

17. Blocking oscillator

18. Unijunction oscillator
-. .

19. AstAble multivibrator

20. Monostable multivibrator

21. Bistable mdltivibrator

22.. Clocked Set/Clear flip/flop

23. Miller Run up circuit

24. SchMidt trigger

25. Triac control circuit°

26. Time delay relay

270. Light operated relay
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28. Limiters

29. .Clambers

30. Elebtronic Counters

. The electroili voltmeter (VTVM)is the first

Item on the list and is covered first for two

reasons; the VTVM is not a difficultlinstrument

to operate and is very forgiving of reversed

polarities, over ranging and will not be dam-
-

aged if a voltage is impressed across it when

On the resistance scale. The basic instrument

is used to measureA.C.'and D.C. voltage and

resistances. The source for A.C. and D.C. is

a line isolated voltage divider and an assort-

ment of batteries. The resistors used vary

from a piece of nichrome wire to resistors

mounted on plastic mounting boaids. The Size

of all components and voltage are'listed on

the components and the_source so the student

learns to read the instrument only at the

-point.

The multimeter (VOM) is used with the

same sources in the second experiment; however,

the student breaks the voltage dividing chain

to measure the current flow through resistances.

This experiment has not been well accepted

and we suspect the reason ii because it is ad

similar to the first one that only one'new

concept is brought out,which is current mea-
l R

surements.

The oscilloscope is always interesting

tcihe student and it can be a tremendouS
15'

4teiching tool. Here, we tell the student

very qualitatively how the oscilloscope works.

The material in the hand-out will geethe

trace stopped en the scopescreen for the stu-

dent and lead him through a sequence of steps,

designed'to teach the operation of a simple

sweep oscilloscope. The source for this ex-

periment is aline isolation voltage through

a voltage dividing'netWork to provide the

.signal at different levels. The concept of

peak-to-peak and peak voltage is conveyed at
. .

this point by showing a meter reading and an

'oscilloscope reading, at the same time.

tl



The experiment on the Sine and Square Wave

generator should be combined with the one-on the

oscilloscope so that it could be used as a

source to excite the'scOpe. Thestudents are

given the opportunity to hear and see audio

frequencies-in.this experiment.
. e

The.half-waVtlrectifier is the first real

:practical circuit,for the student. The half-

4 wave rectifier has an additional switch which .

-opens one side of the transformer of a full wave
.

Supply, 41*.stuaent in this experiment has

,the opporiunity,to create Pulsating D-C and to .

-measure the peak value with an oicilloicope as

-well ,ameasuiing the D-C valUe with a meter.

the-StudenOis given a diagram of the circuit

in use and:the-diagram shows all of the switches,

tranSforMeri, seiiconductors, etc.

TSe full-ware rectifier uses the same hard-

ware iS the_half-wave, only thistime the switch

is closed to Complete both iiclos,of the power

Supply.- The procedure of this ex eriment is the/

same,aS for the half-wave except th ,student s

asked to compare the results of the wacàme
, .

up with some conclusions. .

The full-wave ,rettifier circuit is now used

and three different types of filter circuits

(along with bleeder resistors) are attached to

the basic power supply. These filters are then

loaded with a resistance to show the effect of

. ripple. The concept of ripple content-by .measur,

ing the A-C component is introduced at this point.
.

The doubler circuit is a very interesting

experience for the student. We use a 6.3 volt

filament transformer as the source of A-C because

we like to keep safe levels of voltf,e& he stu-

dent is only shown that voltage doubling is

.possil e and the secret of its Speiation is the

addition on stored charges. The tripler is built

up as.well'so the student gets an opportunity to

look at a tripling circuit The diagram of the

quadrupler is. shown also, simply for an interest

,creator;

The D-C amplifier is a simple transistor on

a heat sink (we use a 2Nk7u) with a circuit all

attached to show D-C voltage amplificatlon. The

transistor is merely connected to a.12 volt

'source and the voltage is vaiied on the base

through a voltage divider bias arrangement.

This keeps the transistor bperating abbut in

the middle of the active region. A banana

jack is located at the collector to'moniter
t.-

collector voltage. No attempt is made'hereAb

explain saturation or the active region but

cutoff is defined and demonstrated. -Visual

cutoff is achieved by using a light bulb in

series with t4ecollector load.

The amplifier used in the D-C voltage

amplifier is used in the A-C amplifier expdri-

ment;unly a simple R-C circuit along with a

sinusoidal and square wave source is applied.

The different subjects including phase shift

are shown .and defined in this experiment. The

input is increased in amplitude to drive the

transistor into saturation and the concept of

,saturation is then explained qualitatively

after applying both sine and. square inputs to
e

the circuit ;the source is removed and a D-C

level is applied:and the blocking effect of

the coupling capacitor is shown.

deCauge.S.pme circuits.require output

are equal in amplitude and 180° out of phase,

the paraphase amplifier igkintroduced next.

Here the difference in phase of the two outputs

is illustrated and the student is airlowed-to

vary both emitter resistor and collector re-

sistor within limit!: in order to illustrate

the different amplitudes of output that can

be obtained.

The push-pull amplifier follows the para-

phase,amr. plifier nicely because it requires a

paraphase input. The amplifier used here is

the paraphase amplifier used in EXperiment 11

and,a push-pull power amplifier. The output

is connected to a speaker and the input to a

nicrophone. The Student is aflowed to see and

hear his voice or a tone, whatever is available.

The student really thinks this is great.

The relaxation oscillator using a neon

bulb, an RC combination and a D-C. power source

has ail:zscination for students in that they can

-
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vary frequency of the flashing light and are able
-

. to see D-C transformed into ramp voltage via.the

neon tube relaxation oscillator. We use a vari-

able resistance in the resistor leg for the pur-

pose of giving a variable paraffeter. The explana-

tion can.be very qualitative' and the :simple cir -

cult IASEinating for the student. This

circuit lends itself to some nice calculations

when discussing single .time constant circuits at .

a iatei time.

The-two experiments pn the Hartley and

Colpitts oscillator should be combined into one

experiment,The oscillators are both DC,oscillators

and areso much the same except for feedback

technique that it is hard to justify two separate

eiperimentS for them. The variable parameters

here are the L and C of the "tank circhit." The

other. component that may make some changes here

are best -left untouched as they tend to stop

oscillations or create some questions that are

difficult to ahswer with the students at this

stage of the game.

The phase shift oscillator is used in the

1

a success or failure depending on the approach.

The first time we used the astable experiment

it fell flat because we were trying to do too.

much with it. We then added a lamp -in on leg

of the astable circuit_and the stddeniw s

asked to adjust the frequency of flashes to the

point that the circuit would just oscillate.

The scope was then attached and the 'frequency

was measured. The studeht is
0
thee asked to ,

increase the frequency until the bulb just

appears lighted continuously. The scope is.

again applied and the student is asked to

measure the frequency. The concelitOf voltage

levels and waveforms other than sinusoidS and

ramps can be introduced with this device.

The monostable multivibrator Is not as

exciting as I would like .it to. be and Cf04 _

the only thing that is shown is the pulse width

change that can be accoMplished with it. The

concept,of pulse stretching an*.reshapinglis

introduced here: We feed this circuit with

both a single swing blocking oscillatdr and a

spike voltage: This circuit which is of great

practical value has been tough to sell'to the

students:

Bistable multivibrators or flip/flops are

O

conventional way. It has

to vary the frequency and

is exposed to.feedback in

_lbefore and should realize

device.

A blocking oscillator of the damped single

swing type is used for the next experiment. This'

device is readily adjustable in frequency of

'pulse as well as frequency of the swings. The

,student here hai the opportuhity to observe that
.

he can change the PRF without affecting,the size

of his pulse or he can change the size of the

pulse and not affect the PRFv

The unijunctioh oscillator is used to show

the student another Method of creating asawtooth

or a ramp type of waveform. The use of the uni-

junction transistor for this oscillator also

provides the_student with the concept if timing

by the RC component. This experiment utilizes

a modified panel so that different combinations

a variable power supply

amplitude. The student

a different manner than

the importance of the

can be used.

The astable multivibrator experiment can be
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interesting if the student will use some judg-.

ment. This particular experiment utilizes a

wired.board with a very simple bistable cir- >.

cuit on it. The s.tudent-hasan opportunity to

see the light switching on and off as the unit

Oanges state. We run the student around he

circuit using different triggering techniques

to show the student that he can cause the oil':

cult to change state by a multitude of met is.

The clocked set/clear flip/flop introduces

the concept of two input - signals required to

change state and.aiso makes the student aware.

that these circuits can be
oltimed or enabled by

simultaneous signals. This flip/flop, as w'll --

as the bistable in the previous experiment, is
.

monitored by lights and the oscilloscope or

multimeter which ever the student prefers.'

The Miller run-up sweep circuit has been

a difficult circuit to work with in getting any

of



/ , accuiacy from it. The ayljustment is very critical

beCause we have attempted to vary the cross re-
c ,

-7.-->--SiiiranCe in order to, vary the linearity of the
1

sweep. The adjust ent seems very critical and

I don't feel-the headaches of the thing are

worth the rewafds.

TharSchmidt trigger or voltage level dis-

criminator expeilment may not seem essential

because it is really a modified bistable circuit.
. -

however, I feel the Schmidt trigger which dill

produce a uniform- voltage level out as lodg as

the input Voltage is above a certain level is

,just another of the wonders of electron'Ics. The

:Students_here.use different input volta es.The

use=Of-a-function generator here would e ex-

ireMelYZhelpfhl.

The next experiment uses a triac c ntroi

teirtuitwhich is essentially a lamp di er or

.,.-Motor speed control. The student in th s ex-

,periment is asked to monitor the output voltage

variable resistance is run through the

ranger The concept that this°circuit is con.-

' trolled by an RC time circuit isintroduced.

One might aro like to.introduce effective and

RMS,voltages with this type of device. This.,

device works very well for the driving Luke

,:for the Schmidt trigger circuit.

The time delay relay is another circuit

that utilizes the RC time idea and also brings

ip.relay control. By using a small power supply

we are able to.control 110-4olts A-C through a

light bulb load. The student varies the time by

varying the size of the resistor in the base

circuit of a transistor:

The samecircuit used in experiment 26si;.

used again in Re. 27 only a photocell with an

and clampers are so similar and self explanatory
!

Illeoexiler,iment iSjegun by using an AF generator,
1

4. L
//

one diode,and al resistor. The diode, is revered;,,
.

. .

theh the parallel circuit is introduced folloyed,
i

I I

by the biased clipper, the negative and
/

.

clipper and fihally the DC restorers or clamp ng
4 i

circuit. The progression here is merely to show

the different effects the circuit can prcIll, ju
f e

-All voltages are -made and are Varied to show ,

different clamping levels. I 1

The Vast experiment in the series is the
. .

electronic counter experiment. This
'

uses\ ,4 bistable circuits connected/as a binary

r.
1

counter. The inputs used are the:square Wave

generator and the light sensitive circuit

mentioned and utilized in experiment 27., The-

/fr quency of fluorescent light is 'measured An

binary numbers,. If the student can viUalize
/

. --
connecting more than four bistable circuits to-

gether, thiS reading can be made directly. .

The development.orthis program Was

accomplished_primarly through the effarta_ef

tw' second-year students with guidance from
/ . -

th instructional - aff. The experiments', as

indicated previously were constructed,around

what das available in our labs at the time,
,

A few o the,circuits had to be built on

printed 'rcUlt cards. Some Of the simpler.

circuit uld be bread-boarded b' a Mb Assis-

Itant in adva ce,if necessary for the student

The circuits. ar work sheets of this type of

Jr
course need not e f ncy but they,should be

adcurite and .che ke out i .advance by sale

one who is compe ent. Th re is nothing more
....._

/

frustrating to a strident t at4kcircuit that
1

does,not operate when turned on.

additional amplifier is used ahead of the relay

current to show the techniques of the light
; 1

r.sensitive relay. The student using adimmer-and..___

light Shield/here is able to monitor the differ-

ent intensesof light ty mdhitoring,the col- '

lector voltage of the first transistor. This

amplifier and photocell combinttion is used in

1a later experiment with counters.

_The experiments -on limit rs, clkOpers
-
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GETTING STARTED WITH THE:1NTRO COURSE

PROJECT N ING AN nixEREsr IN STUDENT

AND HIS J6 OPPORTUNITIES

A'student questionnaire as used at Parkland

C011e1ge, Champaign, Illinois is'of sufficient

.value in establishing student-staff relationships

to reprqduce here.

. s.The Student Queztionuairm Zu Beginnbij,t es.

,Lisied_below are some questions which would

7.

Oellelpful to _the.Electronics Technology'Depart-
, .

, !

:-Ment-';atOarkland-College. By these

_questions-we at Parkland College willtbe'better. /. ,
able to-help:You meet yOur goals. The way you

-ailSWdr _these questions will qp nOVay affect'

your grades and-all answell be:cenfidentiall.
%

- i ..,

This uestionnaire canpbe if the._MoSt lien-ef
..___

you f'your answers:are ZOMpletelythonest.

:'Write- t6 letter of the'answer that best.
- .

aiiplie.to-Y6u it the sPace.it the left, or .

rwrite.lin';our Ow ,:l n)er:If those listed do not -

'! .._
.

,

I

apply. If too answerswapply equably wal,both. N

maybe indicated. ' 'Ax .A

1. Flow did youiTeafh about the ,electroni

- technology program at Rarkland Coileg

a. Through my high school cOunselor/ I

4 --
b, Through my high school math or

0.
_ .

science teacher-T''-

c. Through the newspaper ,,

.d. Through a friend

Other
...'

41)

i
7,

2: Where-did ybu live ,during the greater

portion.of the last five years;

' . a. Ig the City limits ef.Champaiign-,

Urbaner.-- «
:. .- , I

In a near-by city

c. bn'a farm
P 1. ..

d. In the country but not a farm

Other

.r

3. that do\you expect to do afterfinish-

'ing at Parkland College?

,a.' Work asan electrician wirin

houses

b. Repair radio and television sets

'c. Design electronic equipment \

d. Work with. electronic equipment

,for a largIt colieany

e. I do not know

Other

. 4. What experiencelor-courses have,you

haS:n electronics?

.0

a. None

'b.- Built 6Oule Kits or other projects

C. Worked as an,el,ctronics technician

for -industry

d. Worked as au electronics technician

- in the military,

other lh

Why are you Choosing the electronics

techAngy program?
. I

a. I believe-this program will result'

in agood paying job
*

. have an interest,4n elect.,:onicsb.

c. I have no special reason but I

Must do something

Othee

\
6. What do you think might be your

greatest hindralce to successfully

completing .this program atarkland?

st Lack of interest in

material

b. Lack of enough money
.

c. No good place to'study at tome

d. Not able to do the, work

Other

the subject,



T. What is t c attitude of your parents'

toward t c program you are entering at

/Park,and College?

a. are pleased with thprogram

am entering

againstb. ey are neither for nor against

taking program

They *bow very little about the'
.

program I am entering

ther

TY

Whatis your attitudeloward attending

college? 2
-..

.

.

,a. -I expect *graduate from a four-,

year college-or :dniver it
. .

b. 91 expect to graduate f Parkland
, t

.,,-I am not Sure, about wh VI want to

do

Other

9. 4iodecided that you would enter this

program at Parkland College ?,

a. I di9jone
21

id with my counselor's advi"ce.

f c. . did with my parents' advice ,
.

d. One or bo/th p'arentS decided for me

e. My counselor decided kor'ffe

Other

, !10. What is Your present occupation0 Statud9
/

a. t I
/
uorking

- b. I all working

full;:time

part time

J66 OPPORTUNITIES

discuss with the students the role of,

technicians, their classifidations gnd their

job opportunities. Show, or promise to sh.'w

at a later,time, some industry films (if

available) appropriate for cledtronie tech-

nitians. The following outline suggests
. .

tOPWfor these discussions.

Engineering Manpower Team

( 1. Sci1ntist

2. Engteer;

3. Engi ecring Technician

4. nduktrial Technician

'S. Skilled Labor

6. NOwiskilled'LabOr

B. The Engineering Technician's Role and

the Role of Industrial Technician

I m-unemployed

a full.time studentd. I dill

II. If ou are employed, please a swer the -

following two questions.

Othe

'hat tee .of cork do yoU do?

/ere arc you employed?

/79

(End_of-Questionnaire)

-ef N

I

r.

1. Differences

a. Math

Sdiende

c. Formal Analysis

d, Design

6 -Traible Shooting

I. Repair and Fabrication

2. /Differences in Job

'a. Cognitive-%s-Manipulativ6'Skills

; b7--Crafts,OriLted-Vs4ngineering

in Emphasis in Training

Orientea

c.; Job Opport nitics and Salaries

3. Role of Enginelrinhnician

a. ,F.ngincerin4 Support

b. Engineering Aide

c. Service Engineering °

d. Sales Engineering r

e. Design Support

'4. Role of Industrial Technician

d. 'Repair and Maintenanc'etTechnician

.b .

c.
Foreman

Testing.and Techiiician

d. Quality Control and'hWpection,

C. Prototype Technicifin

Places of Employment
;

1. Aerospace Inlustries(NASA)

2. Military Contactors

1



_COMputer Manufactures

COMMunicatioris -Equipment

-Heine, Entertainment industry
61 Induithial Control

Government Service

;13'.. Automated Production

9. Telephone Companies

16. ,Railroads and "Transportation

,PROJECT -NO: 2: DESCRIPTION OF -THE COURSE

-"CLASSROOM)

olved will be kept at _a minimum
so we can' concentrate _more on the
purpose of ,aecfronics.

f. Schematic circuit diagrams_ are

ITheSe.:projeCts, by the number, are not -to
,13,e interpreted as day-by-lay assigninents.

,, Some ,projects -may take less than -a -day
while.:Others_ May- take-more. Do" -not rush -

it-, -especially in thy- beginning. On '4e-.

; :Other =hand, -the-instructor. should not =lie,
, tdrite too -concerned-. about._100% pel-formarice

°in' every- little detai =l Keep in miind;
,alWays, that -this course is an inttfioduction
to",!Etectit.onicz- -Tectinotogy. is hot a
conVentionaT type-of a- 'first course--in

;elect konies
Following -preisome--of the- points that might

lie,irtiadeCelidernirig the content and philoSophy Of
the course: . -

'1 :We are Concerned about electronic sys-
'\ 'tents. -'and what they will do,

To,-get started, we need to learn how. ,

?r.
4

., to us, the: instruments available:to us,

i\\t_Jhe laboratory,
t-ci --We 'need-o -become famil-iar__with -some Of

the--kardware- that we (till use in the
' lab-oratory: . .-

F',
.-; -aWeteed to becothe fainiliarl,with the .

.'emiguage 06 e-eCEPEQHfizs tYou will be
rgiyen a glossary of terms from time

--to- time as appropriate for the day.
.

=Keep these in your notebook ,for later
Treferences: Become fami liar twith these

terms as ,quickly is possible Is° that
.yoa,can begin to use them:
-We will be making Measurements and some
calculations but the mathemat&s

employed as a
I 'Communication

system ,or

g.

major meant of
regarding any particular

Circuit. We need tOjearn
how to read -these diagrams, not
every' detail in- this course, but
more in terms of the larger blockS..
All electronic systems are 'made:
of basic parts, Or
such as ainplifienk, 0s4_1At,-e
ors, rectifierS, sweep -circuilS*tfrid,
otherS.., 'These a:re funetioriat,_,or, "-

signal- predesSing-blocks. We

not becoMe to invented-with the
internal parts ItrarisistorS, capaCi
-tors,. resistors, etc.) Of these
functional--blocks. We 'will become

sqtbehiletif'fatni liar with these_ parts.
4`.142-re thorough and- detailed studies =-

of discrete -components are -res ei-yed-
for other courses of the curriculum: -

h. There are certain'condepts that wild=
be included studieS here:
Some of the more itportant concepts-

,.
relate to knowing about voltage-,,,
current, resistance, fi-eqUency,.-gain-
attenuation; feedback` and riaveEorrhs,

just to list a flew. To know

about these' concepts can, for -some-
of them, lead to rather extensive
and detailed studies. Again, -such

detailed studies as might -be -required=
,

are reserved -for other courses, Here,
W-only -yjsh -to-get--a-start in be=
coming familiar with 'certain ceitcoptS
that will be of 'great value in our
continuing education in electronics:

PROJECT NO 3: LABORATORY ORIENTATION -
A

Orientation to laboratory equipment and
` facilities starts in the first laboratory



.4

sett following outlitie

-the aitivitieS--

-1-., Tour of labs

it suggestive of

a. .0.Sdussion of equipment in each'

:General -rules pf housekeeping

_II:

ElUipment at each station

`.oscilloscope

'FunctiOn generator

H.V..power supply

power supply

y.TVM

-6. :V6i,
.

1h. Breadboarding facilities

tiOard'

Mounted. components'

. leads

i at rOduct ion' (deMOnstratiOn).

and ..$ ntrols

scale illumination

intensity

. ;14. focuS

.Vertical and controls
. ,

D c

I jOotitiOn.

"_Volts/divktiOn

. .

in drawers-

dr,

Mode-switch

di. 'calibrateCpDsition

:Horizontal- and - controls

_ position-

. time/division

-O._ _mode

d:, ,talibrated position

Oscilloscope orientation (Handout .of

glossary- of terms)

'StUdents at each station locate

controls
,

-StUdgnts distterminology

3:- Students fern down
.

ToWer on

.S.. -Intensity up 1/2

,,Locate. traces.

.7. Position traces

intensity

' 4

-

PROJECT 'NO, 4: VOLtAGi!'(6LASROOM)

-At this point, ai?eespec1.411y for the .

INTRO course, it is important to concentrate7,

on voltage and voltage waveforms. -Do not

talk oh-out ,curreat; here is -a definite .

"hang-up" to - nsider current before voltage

simply Ilitause this _would -tend to 'require 'many;

other cOncepts,Su,Ch -as Ohms- law, ,resistance',.

closed circuits and sources: Stay with, volt=_

age and the terminology, associated- with waye-

forms), or Voltages as a function of

:In a related laboratory activity; the-put:2'

dent will have the opportunity to obterve

and stady a- number of -Waveformt- oh, the

"osdilloseope.

NoieS:'

1 :-See neXt_pagd.fOr _tab ie:O f -contentt_.

for prOjeCt No. 4.
, .

2a. On_page 83 is a .gloStary Of ter*.
. -

as .pppared by a _student in the

INtim,courte.

3. Paget:84- and e are student-prepared-

material on waveforms for Project

4:1



-Iteviet474E-introduatorY-MaterialS
Jo'

a. Veltage-as a-forde-4.M.F.

13, Totential,difference-

ile§ulting'frOmjiabilance in charge 14)

Excess sand deficiency- of

.eledtrons .

.tledtio=statk_field"

3: =Units - volt

'4 e,

5: Jouble §ubscriprhotation

,-6. ,GraphingVOltage,Vs,time

If ,VOltage-as_a Censtant;kOrCe--(non-time-
-

Varying);;

,

_Cella,and.-b4teriesi.,ptrer supplies _

VfgoSitive

,SegatiVe

M IL:,Yoltage -as ,non - constant. force (time - 'varying)

181.011,1**411.6

ti)

ietitive (periodic) eayeforms

rectangular

a. square_wave

-pulSes

C7 amplitude (height4imagnitude)

d. period - pulse width

_e. _Oulge,'-rate-freqUeliCy,

. (repetition rate)

petiod4vs=P.R.F.

g. sources -of rectangular wave-

orals

triangular

a.

b.

c.

triangular

.sawtooth.

sources, of triangular waveforms

-Exponential wave form

a. original voltage

b. asymptotic voltage

..e. resulting from_special circuit's

. Sinusoidal wave form (sine wave)

a..- shape and polarity reversal

1,-. relationship to circle

(generation)

c. importance Of ,Usage and)

amplitude:

_(1) Peak

(2) -PeaY=to=peak, ,

e'. period

f, ,Erequeridy

g. Tqi0d=v§4ie4ilehdy 1.-tt7d

h. 0 on-hbriio4aj axis

i. w=on hoiiiOntalaciS

j. geheralexpiesSiOn'Eoi ;

.

phase

-T., effectivetalner:(40ilt4)

n. average Vatue:(:636tM):

S. altered'sinUSOidal-waVejOrals

a. half wave

h.- full wave

.c: AL-W.

-d. ..

6. _metric units

rS

a, mega -10
6

b. kiiO = 103'

-.
t-
4e '

c.

d.

e.

milli - 10-

micro - 10-6

nano = 10'9'

f, pico = 10-12

1V. Voltage Sources-

82 .

a.

b.

Generators

Transducers (energy conversion)

1. sound (Microphones and- speakers)-

2. light (photocell and bulb)

3. heat (thermo couple and-heating

element) .

-4. chemical (cell and plating)_

5 mechanical (piezo-electric-and

Solenoid)

c. Power supplies



de0.6440.y>o,4;teior Ziotogy (Voltage)
..., _IN., . , -, ..,;'-`,:,,,,

Note -to:Student: The following list of terms is a:list of the new words that we encounter
in our study, Of voltage. you are to complete it, the Aiest you can,, before we leave out study.
of -Voltage-and ,keep:--k, in4our notebook for inSpe.ctioAlater. You will undoubtedly need- to 'add
O. t heiS as We lfeeeed: , .

. ,

cat3tY:: .A4440,-t_Lb_-_:'' _ - 9A-Rk 4-A tot _ . (..
-N,.. : ---- College

.. . N.,
.

Athplitude.).4.C.:* , .o1- -omega (w) 6 t2e: ie. .ce.-ii-miz

..---1:3bie'J'E-oit.4.,___, .... _ ,.:ct.:11.;:sis;tAnE'.,,. ,. _
,A4iYtiria--iigili.i iation.(A)i) _ Peak.., 4 E-,1(.-s-f 6r- o't_ I v .E...

UA0:1 NYci _A ttviiL tit) D iC-Vcaki) , Pd eel: 1 ,'" t., 6 :6 Al;trOoft ft
..Average,tiaine-:=:-'-6;Cji.:_tiA Oeiiic=to-Peak :4ti;c:%0'..ii.l' . -

.. _

I ft E W^Ai EreCa
Battliril 0:6'0 uc.E 2E tecUoio Period a /1/41(.114 au -

WE-ix14 AL ;i:e4c7,64-7,7-0*\ft

Cell C.fie _

4060,- s'ql,
'Date

Slope R15d if.): _V of-1'AG t_

SOurdes

PO-06u
Square WaVe...;171:_i

Step

Ft-" WY:-`06"mcALAZEAcitai Eme(ZGY tcecsitac e.k)Eitc,f Az3Z. Gt..
-.Ciirgel.Y:S,Ortf1.65_6.4.."bZ-cidi:y ;Pi ,176, 3.1j t,;,) NA ,

11 b NS tA A t.;C.-:4.. t-f 1-._

INS r,p.-14-i\-6

i 6)j- VC,'

Positive

E 1 67'-citie; ;Fie ld.;
.6c t 4.- 6.4?45 0 .-: , c:-.' oi.)_-_,a:TS. 'Aii-44:_TogCec-1---'

Et.tfiLY
Potential bifference:,1114 t_ volt p4.1,1 tS14: 6-12.c. E. a'f-. -. .. ,-

iitf.tokkE.- il.),skF71,JAc)(1:jr-El.icI- -14:-IrY... ....., ...._.,_,

-_En-erigY:-Ccitiy_ersicin.:'t 211/450(1e.tQl- POW er :SUOply..A, 1 4di L se_, : iiiltie,...,,...,,,___,t) t-A-Ki,

-'-t-iii.)i-iir:i4itet4i.4--.!-E i -ei.-i k A-L. _ciiiik,r: e c-._ _Ecikr: _. - _. _

"-Eklionential,..A,Q A oe cork1A __ Pulse- _ w t$, %port

Frequency. _k.*4:1,r 5- _ 5EGati6 Pulse Height _ PAP L I Ttibt.

--Frequency--Modulation(F.M.)
AlAQY-iii6T--t=11_E4utt.k."(

Waye`__FLiPeci..N1p
0

qenerator-,- i

.-t64;qtabueE

c-

Rate 'Orect., krk.$01 8 E

of,_eoL. _peg_ -sec,
Pulse Width .1 CM E

61t P _

q

Raq-(2%5E__1X3_,)01..tAc.i.

_PER, uNt177timE:

WaVefOrini Fo ARM _ ioc,

E__U 1-T_ 04, -L) vi A-6e;
,._.

Ea ve G G3G, E-_414Aie

E
mak P E-Aj4 ._Q_AL Ot

ki le k-63

Mega , :to _
Micro_ ,00pp4o_i 1_43=.
, f
Milli .s 1 c .3-

Mitiiiphehe-:..t1211..16 A Jct. WA \.) _

ilo,AAVES to eLfcr, 1WAT 12'6- R6 415- ItSEL'r''.
I. _ 6 _ Sawtooth .) E.._Ir-) to

46 =

rbqk
= or:4 N -

Sine Wave A me

83\
C-474

Nano ,oposisign) 1 a,

Phase ta":72_eite&7'

Sinusoidal14:2
Solenoid 1 kmas.vocs.:11..
Degree 31.07: PE ia $1 3E

Periodic f.PETITL.1)F...,-
.

Asymptotic Value t µ E -kitxt-Are

Efoh) et.4-tikt. _Wave
k. loam: WEs "Qin i4e..oe g Re-Azuc

-
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:PROJECt NO' : MEASUREMENTS -

ON :ffiE OSCILLOSCOPE (4.ASOkATORSI,

laboratory 'aCtiyity, .iS
lecture-,_disCUSSiOn- of volts /time (waveforms);,

01=0 'It is aSsuthecl' that ,the -.student

haS ,previous- iaboraterr:
peri0014othing familiar-With the oscilloscope.-

_

-projept.ls,StructUred'7' fOr a. laboratory

-ih"at- 'has system *hereby

the instructor ;, -Can-.40-1 Dior

:any "d_"esredzwaveforin to all stations. A central
.ciiS t rieutiOn.,SYS tem: is kijitityecominittd 'ecl' for

".6feationieSs:iabOratorieS:

lin4;tAit*on.)

=Reviewbasic -CentreiS and =fun4ticin*-;of each

erStLidentd.'locatei-tracei both-.

= -,chatineiS; 4 and_ 2

..-Adjust -intensity
_'POditien

d. 21-11Uniinate-Sedie

. distribution -SYstem ahcis Conneetion

-7447.4landi;ut4ab-; f#2--

- --fiiStribUt-ion-SyStem.wairefOrths

.DC

2V

-1ON

1t*'
,.sv

1 4V
o Square 'wave SV 100-HZ,

. Square wavelOV 00-1Z

;9: -Sciiiare_-_:Walte- _IV 100 HZ-

10: ,Square -wave SV 100 HZ

41: SclUare-wave` .SV. 500 HZ

,;Nary.

;12, _Square -wave 5V' :1000 HZ

_:Triangular -waveform SV Q HZ

wavef6rni OV 100,IHZ

-Vary-athplitUde_

15:. _Triatignlar w eforin 1V- 100 HZ

16. Triangular W:aveforM- V 100 HZ

17. ,Triangular waveform SV-500 HZ

Nkrjr!F

TriangUlar waveforM SV

19: Sine wave SV !100

20. Sine wave 40V 100_11i

Nary- amplitude

21. 'Sine- wave 1V 100-HZ

22: -Sine wave--SV 100 -HZ

23. Sine' wave SN.500 HZ

Vary F .

24. Sine -wave SV. 1600'0Z

'IV: -_61.6.0siari:,_dE lab' and-results

NOTE:. This project May* require ;there than -one

,laboratory Se ion: The aboir,e'had; been:

dOne, intWo.,heurS.-- The project
sigried.-so ;that, -the',siOcient need,

to make ,minimumvadjutments- on the

scopes' o

In the student -14.4doat, infoynation,___
,priiVided- for ,the spe'cific, settings

of all controls ft:it the particular
seepe-nted4 - Provide _the

iraph ,palier-and a glossary, of

-Pitej ee..,t, No -(Foil the,_ Siudytt).:

In ,,tbis.)0..sequoUct4otk will :bkOrile-_mOre
familiar-with the -oscillesCoPe and its *age:
In-addition-, further fathiliariiatioirrtiith-
common Wavelfcifin;Wi41= result from .'coMPlet ion-

.

Of this. lab. Time
this lab .fer discussion 'anc17,reVieW-efithe

experiment.-itself. YOur \instructor
,distribute Several- voltage =w_avefOrAd r'.)%our-

station-which you -will examine andkfagh. from
the, oscilloscope, observatteris. you -make:

Set the oscilloscope controls and-
justments aceOrding to information ,prOvicled'

by the, instructor:
..Connect -the input for oscilloscope channel

#1 (toppair of-banana- jacks on Verticai'SeC,'
tion),_ to -the black and red jacks 'of the is=

tribution system outlets at 'yoUr, station:
There-will he a- -seri es of-vOltage_liaveL,

-forms_ presented (one at a time) chi your ta.r.

tion that you are to observe on-your
scope. and sketch (including magnitude- andtithe.

.

1



.

dimensions), in_-your- notebobk. There will be 24'
.;/

in all'. and you:wil I be allowed- roughly 3-minUtes
,

for each._-

As .we-move ..from-ohe_ voltage waveform to

another.-- you will need to..adjus'i you,scope in
Order t,o'beuble to-measure the magnitude and
.peried,of.,the-:iiayefcirms. You should' adj_wst -onty,

the-vett-6/4y ,control on the vertical section
andtime/cii.v.t the-horlizontal: Use .graph

2.
!paper to :pi t, -your oscilloscope patterns:-

f yeuhave any questions, t hesitate-
.

to -ccinsult,,wi tbyour instructor.

ROJECt NO. -6: OSCILLOSCOPE %1D 'EuNcriO,N- GEN=

.ERATOR ,{ 1.AtioaiORVi

The,stUdent, =until now, 'has had,
_experience with.te-oseiliosCope--whidh have heen_

4CVCELli controlled ,and.rguided:_bY_the

to....4void..oglis ion.. lie-has had no-More _than:

two -:previous ,exposurps. Ile..knpws..,how _to -get a

display . on thc.-sCope and can read voltages and-
_tinte, for waveforms that have been giverr-to 'hith
_under_ the _dOlitrOl..of the - instructor. Now, he

,needs_to-be- on,,hiS -own. a little ,More. The

opportunity_stiOUld -provided_.-here. Using the

function ,generator -as- his- source of waveforms
This _is.,a;...gOod time and, -place for audio-

,._tutorial' -Instruction. This is not' diffidUlt to
_ brevide._ -Suggestions -for doing _this- are-provided-

.

.
_

tin. a,-later :chapter. See- tab& of Co.1 itteittz.,

1:- MEASUREMENTS; WITH _VOLligTERS

'Cri't itdorinatieh should be added to-the fellow-

opportunity to work With: an_ bSdilloSape aS _a,
,device for--.obServing and. measuring a wavefciiiii.:

lir this -experiment you 48-ill be ef<posed*.to.USing.

a voltmeter for measuring.- the -same sinusoidal
Signal you-measured- with the scope.

You will' be exposed to terminology
peak-to-peak yalhcs::heak rooteneali:e4:
square, and effective values.

;Set the function generator as ihstriicted-:
Adjust scar- te observe -the 'Signal as

you -did- before Measure 'the amplitude- 'of, the,

signal. ThiS 'Ude°:Of this signal is"
called` the ;peak7to,peak value. -0fiehalf of
this Signal is calledtne Record.

this Valiie on Your datusnect.
Set _the -Vol tineter as inStructed.
-Connect, Output, from -function _generater 'to_

voltmetcr_ as, instructed -.,

Observe and--rodord-the Valtie obtained froM-

the VoltnietCr. .This- Value is ,called_the reptr.

mean - square voltage of She-- signal...
CaUtion.mUSt be-.exerdised. When, switdhin

ranges to =prevent exceeding_ tS-04,'Oe

Meter. A-- .good-.practic is io always, start
en the largest range of the -voitni.eter whAi-
undertain.what the exact voltage is. 6.

Readjust the .atteauator -contiA on;.the
function generator. Carefully- read-and- record

the data. ObSerVe, read; and redord- datajor

the. same signal -on. the- scope: 91?serve_Seyeral,

signals oh .the meter and`- oscilloscope keing
careftil not to exceed th'e .range ok-:the oscillo =-

scope.
The -question-now arises Why _the discrep

aY

ing- in= accordance'with instruments Used. allay .in, the:. reading -froni the -oscillosdope and.

After- cOmPletien- of the following laboratory the-meter. In each- set of data collected:
eXercise-_.the, student will be _ab le. to complete divide the Meter readittg,by the ,peak 'value _Of

the -,following:_
-MeaSUre__peak-to,;peak Volt values. ,

b. .Measure -peak volt :alues
r, -m -s value _from_ voltMeter

.connected in ,a circuit

the signal obtained from the s_copel Record
.

your-- results:' . .
. . . .

. ThiS value you obtained_ is -the reiatiphShiii-
_ .

that exists. between tHe peak vaine of.,4_sintiS4
f

oidal signal- and the voltmeter reading. The-
/ -.

*bete:Xi-nine. r-m-s -values from oscilloscope reading-,obtaihed.from- the'rheter is called the.

Values,. - .., r . , ALooti-mean-4qui-4.1id voltage, often, times it is .-
,.. ' i

:lnproViats-crxperiments you were given--the- referred tO,.as. ,the tiAgiattre valve.
/"
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7Tite,.,0rmittirig, make additional; Meisarer'

-7ments signals- produced'-by the -function

!TgeneratOr- or example ...vary -the -frequency

O'cU complete2abevi,e4COlations-.

.VOLTAGE AND,700ENT-mtasuOutiuts

IN' 'iOCUITS

:CirCUifa'.15f inatrudters f Chao s -primarily

4eS iat iWtype eirCuita, wi th- cl:C:gourcesi

_ :be ---USech-for,Making-,current ,leaSUreMents:aa- well

'ras.-voltige;meiaurements, .066-.or -tvia-iab.oriterY

.iegionS-IOr this.
,

16,1kOJEttS-J4-CONCLUDE:PIOST PHASE OE COURSE

4p,tbis4firsi pbaa 0, Of. the INTRO- course,.

- ,Contentrafieria,hiS been ,On-.waveforms,,, voltages,

i-ind-,:eurreiits,,Alorik with -the use of :certain inatru-;

_thezeseilloScOpe With this

__.,preeedure,,,the_atudent:becoMes familiar -with

much ;of the langubge,of

Ille,studies .and laboratory. experiences- o

01a,40115.ha'aq-,41"6 a prPT0,0i0CC:'9 the, second

l?haSe:on4YateMS,-ind,:dircUita. The remaining

,0i0j#'tS- Ore- samples --and suggestions of systems.

-that =.itlightjier-inciuddid.

hiptcf iNTOODU6TION ELECT/201

t&tpkttle*sqoOn.
'46ow the - students a, ca 1 orr tele V i LOOk

at it and ,What -itk .thei _
is and what ,it

/:-
,A,i1ctheiii, to leek-it the various ;parts-and, let

them help identify and .thiy-,4o;

Point out that . inek part .40 -sOmothiOg -to make

it °valuable. -fo .the 12hOleL:syStem, Ithas a form=

essential to- the ii'peratiOri .of the

syatea4, -2-The -funttiana of -ail of the parts add.

-,up-to,prOduce,,the funetion__Of .the entire system.

-Where : is - the action of the system? It is

iniide the,CircUit. We- danq see it because -it
.

,

',iS ,the-Moleadles_of the= cireui t elements.

,liou:can't4e:any of the action, but -you can see

,the ,results-_of the 'action. In_ any electridaj
_

circuit things-.which,we_ earl: obserVe
;

aretAtoltage,4urrent and their effectS (heat,

The-,Onty -mak° 4-eAnow''what the function,

Of CircUrt- ia ,4R's= to; Study _its effect 'On

the_votageis and- currents - "involved'

The inpUt=its;the ,atitPut

Signal `in'
a

; , Circuit Funletion

-We can tell-4# the -cirddit -does:by,
,

J174- at the input /output _ignt s., This is. al

large ,partcof the study O106tionL,

,of- understanding a Circuit is iicilOint whAtt It;

does. With this-:inforiiiitiolywe can understand,

even* design, syateMs the - Circuits

ia.lbuildiriubiocka;

The other half -of_UriderStanding. the cir

aUit is knovehoivit perf3rm5 Its furietion.

To,--10104how":1he - circuit- works, mot f 7

stina24 happina inaide -the -CiiCaii, It

-does- nO,gaad- just look at -the ,:outaide. Of

the circuit itie ifl-;we _ draw- ,a,OpietLonit.f..

picture

pietareris -known as-ii-beheMatiCdiagh0.:'4,-
4-

4.,Matheroti6A1:thoiliet of -'_ihe-c4C0it-..

ayMbol of the ichOiatic irpieSerits the = basic

funCtion of :the symbol 'In the .schematic; -thus,

can-upderstand the:Operation:of the 'CoMponent.,

The achematiei _coMpaiite drawing, of the-
_ _

operations of the- coMponentS.

PROJECT NO. 4: THE POWER=g0PLY SYSTEM

:Oenekaitescitipziion:

'.Thy_eleetioniC- power supply _has -one-I:01

-Pose. to receive _the- alternating', Current

process it-, and distribute the various

power levels 01 the- electronie circuits which

use them.- .Since- electronic circuits generally'

:operate- on '40_61 current -ancLiOwer -level AC
_

and the _power lines have- alternating current,,

a
-2

form Of processing -must =take plaCe."Thii-
-.,

process -may be -likened to a_systefr whose :in= 2

put is alternating current and whose eutii'at is

direet current at variaus is ;
-, _etc,).

+
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.-.'iltkiiiatinkciirrent at 'Val-ions- ,levels-,
-i-llustrateetY Fig. 1:

-AC1 tipn4'

as

DC Vottages,,

AC-Voltages.

-This ,pOwersiipply 'May -be ;broken- down

?° additional blocks -as shOWn.'in -.1

might Well-,be pictorial diagram,
of the entife_Circuit and -Fig: -4,-a.SCheMatie,

to

'=diagram of .the-'entird-CirCuiti. to

Cu) as - _shown -in- Fig; 2
:has as its function -of stepping- down Icif"the AC

input ,signal_.- (How thiS is accoripliShed_ is not
.important thiS Point.). f ,

1"i14--,Rt44164eli:haS the-,reiPonSibliitY of

:Changing-, the-alternating -current "from- the- trans=
SeCOndiry,s,to -a- pulsating-'DC ,(a-diyect

current: hat May have a change- in- Magni/Ode:hut
doe's -not change The 3.,e4ifier may

-
"_ 'be of severalIf_ different-- types. Adkanceid_coUrSes

reveal the names and details the May

,theSe circuits- operate. -For-ipilrposes of
f am i two- baSiC types =wilh be

-AC, Input

The trittur. (fi): will,_;teceiye the pulsating;
D -C at its itipilt terminals and-lower-the high-
spetS. and. fill in the 'low .spots to 'Produce:- a_ .

fasxly pure-15.c. 1-low-will-the _after dOes .

job is _a figure ofl merit fora- power supply
-cal led rtigge tbe'laborato wewl11

observe the. triPpleVhoWever, no attempt Will
in

:,

be made to-atiire its_ma0,i.tude... the- load. "=.

or bleeder .resistor, (Bji, as- ;h own, ITT is
the - output. of ihe -Power -SiiPpIy.

.application the load would consist _of ,power_
consuming_ circuits:. =Inrour -pO-Wet, supply-the-

load' replaced, by a er:resistor'to serve,Sistor
as .a- wilt/me dividuz. and as- a safety. .featUre.

tiltoced1.44.-

The procedures which should be followed .

in thi- deOend-,Upen"the haidware..
available ar constructed foa this .particular,

exle_*ience: the.,_Ssudent ObserVe On-=the A

oscilloscope-,the, various levels of AC voltage
available _at'the-,iratisfortilei _ieireihais..-
will '94PFYe. ,fectifi=.
-cation,ithe,,pOrpose -of filters of different
typos- and, the -resultS of adding- lOads--tio.-the.

o

,One way that thiS maybe: accomplished-d-i.'
a-prewiied.,cliciiitwhere the terminals_

are readily accessible ".,, The .deSrable..way.._,Of
showing the,diffelence between 'full -wave and.

hal f=!_ii&,e--iS to-have a "sWitCh, seSies with
one diode so--that the system can_be-SwitChed:
from .One typebadk to the other quite .readily:_-,
this ifay::s_he student can easily =go into. either

,systemwithout, fear of -injury or electrical:
.

.-shock.

-AC Voltages

Fig. 2

-89
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,

Fatem -,of-,-everal 'differV ent -types may be-..
_,. .

insorted.into. the :power -supp1y; howeyre-r, the\,
sigiiii-liitet capacitor' and'iti,riPple Sir'obleth
,Makes,l_ great ;place t-o_r.'Start. 1,t,"iS generally
desirable to, hive- a.. current meter irk series -.iiith=

, .
the we-_may--obserire-the-murrent the-supaily

is=:deliverng to -16ad.

.t.oads-can varying- designs;- however`,

:if:---should'.be.,ContinuoUSly_-variali16--oifet fairly-
Fwoe- range:

eituti. on'-a-;m6ans-.6E--dischargingLall. filters

:muSt-1)-6 iptoyided: -A--sutgestion_.might -b6. a

shortingfslAtoh-, lotated..:so -th'e, filter cannot be
4..Mov0-4iithcoit-'itbeing.:discharged. This may

.:,:seeMceipmentary :to -the -exiiiikenced,;teaCher but

:PROJECT --NO: _IQ: 'Mis4u.itteOis4,cilicuits_

TrLabo-ratorY-.eicperiendes..iiithz_a----nuMber-.of

basic 4i.e-444ges:*-hc"re; for Moat. O f

t4--remainitie time .for Abe `Refer -to

zRe-pOrt-=No-. :;1_',of --thiS; Chapter for - sugge-stions.

'andlif-gUidanCe

90'

PROJECT'ND. 11: RESITANCE,_CAPACITANO AND

INDUCTANCE

Measurements -of- resistance, capacitance
and- inductance are- suggested -here. Do...not get

too involved' in,-the- concepts of - these-- elements..

One -or *.Ilat3oralery: -seSsions- are sufficient;_
ttiotiOried' .by classroom discusSion.

f

PROJECT 'NO .7 2 It01181.-Sfid0Tikg-gctiolgu6
The instructor.in-StudentS should:be

conscious .6._...trodble=Shooting_.tethtiiqUes.

thrOughout t1o, cburse. a -good

ime to'-concentrate -.Qn this problem:

\ *It*:

s.
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TEACHIK PROBLEMS -COURSE
-

-

'There. -aye Cert.:au ,.....ching=probleMS associat-

e4,-- i an:INTiidCOurse th?t need to be avoided:
:

. TheSe_probleMs- probably -exiSt =because-of -the in=

-herentJaiffictilty_ of 40 tint, away frOm-conven-
tiOnal and .conventional' sequencing. Of

*spies The concept of the- itiVenteti-pytarii.ci -it

important. §eine-.of.the,mOre._-iinpoitant teaching

;problems are_tiow- briefly sumbarieed

SitiVY,-,tftp40f.t064AUtItAtItit
;ie instruttorb, in. deciding thajt the intro:.

due t COUrse.'is rfi.ckey Mouser tends to :add-
.

l_thaterial: The student should be
given -the-Curriculum_

--Withaut excessive, OtiantItat;ire-.i-tudieSi

:the -INTRO'-course. The -early-jntioduetiOn: of
quantitative-studies-ineiely-moves -itesistive

_to_ the first ,term and completely
.moves- the INTRO-COurse El-Om-the eurrieutUm._ When

considering; circuit cOmponents, do not involve
-and _:-Vta ±preper ti Of-Fe:oven* .

INSTRUCTO_R$'VO,:kot"FEE1.4 THE COURSE
_'The staff-- snistr be "sold" On /he- INTRO- course..

The inStructor,Who- that this is a course

Used ,tO 6p4it- tAiiciert4 e witecti. the
,math catches up does not _real iy,understand- the
-philogdphf of the I.NT1.10Course: Much ;of the
foundation 'for future-'studie can - be learnsld in

studies: if=the instructor is-_able- to
q- vistiakite_ the -ehtire -Electronic techtuirod field.

.

.
. ,-IL- L,PREPAiwoittkrAis

The -Staff, who attempts the Ir,trodUcti.on .Course

.

Tdo-
IntrodUetion to -EleciVinicS Technology.

, . _- .
'TOO litiCH-_-CIAS.,§ROOWEFFORT 4

The studies -of the 'INTROCourse

primari lY i.)1 the Paboia-toV. This does-not
mply that Some :ClasSrooM-wokk i§ not necessary:

-student is-given, in--this course, a tiaktd,it_,
On type --experience,which- benefit--thrOUghr'

out LhiS entire. fer. -eSince' one of, the Prime
.

.reaso-s: for the--INTRO'-eouise is the motivation. of

the St dent tp.furthef--Sttidies, the iabora=tirY,,

with _it fascinating inStr.tMents,_ is anatii\Car
.

pe

learning enter.'

TOO -MUCH -TIME.,SPEUT

The ihStriictor- who- has-!oo much time for

INTRO -or who_ takeS.-toO-Much.-tinte

either short.-chaliged ,the student' by wasting
his time -or has ciinfuSed- the -studeist -bratteniPt:

ing :to- Cover-too

THETPROJECT;IMINATES

''Some-INT116 propoSalS ;which -hair e' beeii-

-preSented in. 'the .PaSt_ ,include 'a -piciject-de:,

sighed- to-'inti3Oduce the student yto,a ;variet
of topics ina. pding'; soldering, -wiring- from
schematic, system- analysis'; -etc. _the; use

_of -a-project IS _not -to- be discouraged._ -HOW'

every. the _emphaSis--of the _project shoUld:be

control ledItO _the.point -that it -continues: to-
Meet the aims and-goals of 'the course.

. _

-times the project -betoines the ultimate end,
of, the-course -rather-thah _a means- of -coifveYing_

-corApts o.r topics of the?currictifunh

by.-.utiliziiiveSisting-experiments
Courser does not allow for

experinientS but tetinning-expelu:enges, 'We are _
'-hot -tryint-a-C this -point -to -prove anything, -just
expOse: -Most.ekisting Lab=m4tua-Zi=are written
with ,the-,objectives of -verifying some previously
studied---,phenoine.na. ThisbWil I net In the case- in

.

THE APPROACH 8KOMES TOO DETAi LED

The objective of the = course is to show
the "Big Picture. Therefore, the emphasis
is on systems and -the building blocks that
make up that system. At all costs, avoid
the inclusion of too much detail. The studeht

-r
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should `be _prePared to nae a=meter, hot da-sign One.

l'OtRUENT.§-ItilINAff THE COURSE

71'4. emphasis of the Course is° to motivate,
f.--sh-)vi'ctliei-`13.1.j, gip-lit/4, of elettronids and:

-trtichiceconeepts. The course must avoid -an

emph,ISis pnyone area of concentration. It IS
- very ,easy:to introduce the student to Sophisfi

.C"ated'initrifinenfs and -give him a vague isiel

*hat. bUt\ will ,he rnilY-11nder-Stand

yhat a-"Sincti-um- anailerit---ades- at 04 _point,
'for _initanCe. The Initfuments that:should be
used for thiS sulk are \the-basic _instriunents:
-Oscrl/oscopes, -signal !sources, analog mocers,-,

sources. TheSe
possible demon-StratiOnS on- More 'SoPhisticated_

=

. 1

,

instrumentation Is -sufficient -to acquaint_ the.
student to the-13.:ig,=Fticiwit- withoUt the-stiident.,_

donfusing_himsel f with- inSirtimentation Aie..;can!t-..
undeiStand-ar, 'apOrea-iate 'in .theSeTeari.Y,:learn'ing
expef ences

TOO:4111qt' tapHaszs -ak, HARDWARE
-

It is very 'easY. at.this-point to -tiver,,empha=
s -hardware and -by thii- Oyer-mmphasii," En to.
familiarize the student with

_field-. The Tstiident is able, at.
abSorb and digest a tremendous.-am
ictiOwleclge,:which t411'.helP acquaint

e tanguitge_, of.

his pOint, ter
fit of .general

in th
-Electronics- Technology. $..The: knowledgehe -itu;.
slent :gainS/noW- wili only- make. his study of. .
futiire-CircuitS and eleCtronics courses easier.

/A.

.



the- Ailicwmajolt. ou4e,6 -cbt.aa.it anaeysit; (Re6iati.ve

Singte7=Titne7,Con.6tant c:iite.iti.ta and .Nelividz.6)

,c_hapteA.

The m4ezi.a 66, the chapter. ittiet.h.akie giceaten,..ggri,E4idanee

to s he xeade' by A.e.gaitding: he.:sub:tea .a660cd (1.4 -_cula.44,0 -a

./ '..4ingie:paehaje iiatheic tilt-tn.-4 *tee .4e.paWe- The- ap=

pkOadifts gati.K.g_.6:taitted=.:-coith 1114101.= topics;_6 .CLibitglaft
Sequen6i..fig ancrig_kouriinjz.- suggested, axe rn-ast impotant.

attenti.Onshou.ed' be- daected to the -bast 419- C(iltilVS 0.6 ill.

sequence -(Res.i.6tive C40_046 and:STV4-1.- The .thjiitd cowa e (Net-

100/d2:6) A.epte,senta -a mo.)Le conventio nat bteatment ob topics .1.ri

anaeYsi.6.'

9
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1EtiNItIoN -

. The subject of Re244.t.i.ue. CiAdUits is a 'stddy

-and auOxsis-:of,:ciica"its,where-all :passive _ele-
iiihts- ;re- resistances and the active =elements

-(Voltage and /or : current sources) are:waveforms of

. 14Esistiv.ciFtcurts 7-(CIRCUITS

-anyjild::

-14040144ptt: .

_

.responses are: deriVedati-4ban.be. eiffresSed- aS
kunctioeS, of-iinsiantaneotiS vaUeS of_ :voltages- -

and/OrT-eurrent!: This' -fact dictate:S-0;e _i-Mpert-

TaliCe-of .as.k.sanCiious- Of

_ reither fllatheaytiCally or'- graphically. This

-also means -that -a first course in circuits -Incat-
sou'rceS7,,efily: The-use

of; any= of`the waveforms for-fora Source:1s-- the key

that5eStablisheS the first course in- circluit.
Dung, - foundation- for later -St-Utiles .

Traditionally, a fArst course- in circults_
rikt0"=kicl'ude-s:_us C These shou4 =be

the=reason_that,the_ analysis of

_ 'incorporating- Lt's ,and/or requires at
--?ieaS"CSOinelliolii edge of caldblus-. StudentS-will.

- -
tis mathalatical beekgroUnd at the time

when,:the---firSt course in circuits must be offered

program.
_

_ Ilefore :starting a detailed study amd_analy-

-sn-.615-"heSiStive CircuitS11,it -is-important for

e',StU4ant-to:understands-that all devices can

and, no properties: of resistance: Card

should be taXch that the sttJent doe's not rest -

-fiat-,his-Ca4Ot of resistance-to-that

sistor,,

06tain Hg the concept of resistance through

volt alPere- grgipht is the recommcnded approach.

-Theie_graph* -may be linear or they may be non-

rliiear. JAI graph -!!ar pass through the "0-0" in-
.

,teideiit of it-pay not.

With_the-"volt-givere:graph" approach res47

bare_Shoutd be taken -ilk a study of de-

. 94

f

A
,a 3

:vices is -tot ' oven,- emphasised. The important
. -

oint, is_that :a...resistive circuit eleMent may

fepreSenf any device, exhibititig the properties

of .resistance ,

Ohm's_ law.beComes a, part of the mblv,

ampere -graph approach.

-4EHAt!rvzAc.amerlml,,,

The studett upon sucCeSsfar-completleil of
.-

Re4i6tive-Ciadait& will- have the abilifyltel,

EValuate_ Voltage-,eadrer .a ctirre

any °part -of a resistive circuit fora an

kind-Or _kin4S of -waVefOr6Osas 4

fUnctions.wheiher these fuaet

ions- are yoltage Sources. or Current:.

.sources,

Simplify the. anilysis-bf circuitS

-necessary,, throuth:the-aie: of illevehia's=

thebrem- (Or Nor:idlij s .theerem), or

superposition theorem, or as -a Voltage,

divider, or aSa.chrrehi-divider-, of -by-

special techtiques Applicable -to -par= .

ticullr Circuits:

-..

d.

Represent 'solutions graphically -as Well.

as, mathematically.

Appreciate the value of a study of reL'

sistive circuits- and their--dibin.

-practical systems. 4F

PREROPISTTE

Primarily, the student needs a working

-knowledge-of-algebra-and-Ithe-basic_eletents-

of trigonolietry as a prerequisite to a study'

ke44,4612. Cificait6:

In a six-quarter program, ReSidtiVe. Cirvf

mits is scheduled for the second term, This

will permit the student to attain the needed-

proficiency in mathematics in the first term:

In addition, the "Introduction to EleCtrellics

Technology" course. (strongly recommended- as: a



first - term -course) wiii.prOVide valuableyricti-

,-caliAnewledgebefore starting Peaidtive 4n.cai.t64

10.0o4;-Semestei-program, Reaiitive

---444,-.ShOdWbp!,SchedUled-in the first term.

4hose,iostitutions thatjt_re on the semester plant

some4mes-have it higher entrance requirement

livihe.area,otiathethatics than these-on the qu,..=

-_-arter;piani, ,-No=serious problems-exist ochoWever,

1U-the4topicS,.-ofJhe INTO _course and-"Re4-:iAtive

-,ait.04,6:=Are-inteirated-as needed. Some/specific

suggestions along =-this -lpie,are,,presentediri-

:chniitPr-zO.OU-Ab-iire0ort-.

-11.1eflow'.0art_ls presented. -here tp.illuS=

-traWthejeSition of Rc4tatiyi,c4cuita,in a

subjects. :'

_

- 4,1N7h:IELECT.

RESISTIVE CI'RCUTTS`>4

011fLINE

-letiniti*Of-Parameters

G =aphing of linear. functions (Classroom)

4-Arie-sian-doordinates

ra_parameter-in_these graphs

ELECTRONICS-

oncept of Slepe-

e7.v-Oltand-voltigeALab

:Defined as energy for

2,: _Defined.as a force

1.1eiSurement .

Support) .

charge

:introduce volt-s/tiMe concept (Classroom

I-Introduction)

----44;--Adipt-cartesian, coordinates to

volts /time

Emphasise-writing-ofvf

The.ampere.and 'current 11,ab-upport)

1- _Defined as time rate of change 'in

charge

E.

:Defined as a result-of voltage

applied.

3 Ethphasize writing of it

PieCewise lnd Interval Notation

95.

--Waveforms (ClaSS-rolath introductiohY
.

A. -ExpreSsed-oi fUnCtieri eflime,:Art

it

1: L Continuous- functions

2. 'Interval techniques (repetitiVe

functions, - amounts -to= assign

ing_convenient-refetendes of -

t =,0)_

IV.

The-basic waveforms-for fordi4

functions

1. -Constant,.ramp, step-

t
andlexponential (Lab-Suplipri).

2: RecOgnize. and identify each,
. ,

_ anclimathethaticall/,

(Lab Support)-

=--

forcac}i

Write -equations' for each -as a`

Eadtioh-ei .

5: WriteequitionS:for anyacombi .

natiolvof two-Or,more,f=the-

-ba-Sic-lunctionS.infteralsref'__,

tithe, :t

Volt-AmpereAtelationships:

A. Volt-itpire-graphs

1. Linear

2: Notilinear-(Laboratery_Intre-

uction)

IMPOrtande-of -iiipe.

4. 1/R-interpretatiOn-trom-graphsz

S. _Circuit medel'for a resistor

- 6. Resiitance as E/I .

7. Ohm's Law(Rigorous clasSioeiiv

support)

Concept of Equivalent Resistance, R-
ecp

A, V,A_graph of resistive,networkS=

(Lab.:SupPert)

1. Linear

'2. Non-linear

1,3. Combination of ,inear and non-
t

linear devices

B e
s
/i

s
= R

eq
(Laboratory guppor-l-_use

ohmmeter to verify)

C. R
eq

for common circuit .Configuration-
-.



intrOd'uetiori);

reSiStance, ,Req for series
A3ar-allel and series parallel cir-

= cuits=

114-roditetion -to circuit teralinetogY.
NodeS, junctions, ,branches'

"SeUrceS: Independent, dependent-
, _enereted

3. .Identification of common Circuit
..-ConfiguiationS-celassrOO4 .

:Caleulations -Of -R for. ommolvcir-

-Cuit configurations '(Series, par

-SUbseript =notatiiins -0; and_

f0110'ff s. Vol t turiesn t "\

01:4S7re0=0-Introduction--Support)-
;A- --Volt4Le

Applied to lietivoikS :t Ova's . law- iS

not used intheSe.-Stiidie01
cation__ of. reference' polarity`'

-a: DoOble_S-ubScriptAiOtati-oii.

Kirchhofi',current laW t4

-Defined-

-:Applied --to-networks" (Ohm's law is

:net used theSe SiOdieS)-
. Identification -of positive- reference..

ti

`use of'
1. Voltage,diiiider,concept.,;(SerieS,

-dirduits):
2.. -Current divider -cancept '(Parallel

-,circuit)'
VII-. Network .EquatiOnS (ClaWrootk.EmphiSis)-

A.,' Writing netwOrk equations
'1. 'Voltage eqUatiOnS,(BnknoWnscare-

.eurrenti),,
sr

'Loop-equationa
equations

2. Current- equations (114rioyinsk.

ve 1 tages)

a. 'Node-eqUationS

B. _ I tid ependenee eq-u_ at i onS

1. ldentikieatien o(-neeisSary
'and Stiffieient ,eqUatiOlka--

.techniqiii7(and

itSjiaitai*OnS)-
'110:tree=chorci; techniqUe,

C. Applications -4i10-,RtOblerni (Iake.4

advantage, of-available cOmpUters--
ands_ealcUlatoisr-

Ana-Vail-by Equivalent 'Circuital _..((ptss06-#)

A. Superposition theorem-.(1 46 jSuOpott),

C. stiojiT9_,

,p. Norton's- theorem

E. -Circuit _epnyersiOni -(chafige-COri:&,.,

'figtitition-to a- fai) iliar_
F. 40i-cations- and_ probiems.

ReSistiVe-NetWeirk_Arialy-siS

A. - Single =soUrce _networks -(Clit's.'intro=

Auction)_ I

1. Bridge circuits
2'. Node splitting

--Ladder'-technique,

Multiple¢source networks -(L_ AVSUppart):

Netw-Firk-i -with, dependent "sOu ceS -

D. Applications and .problems

Four Teriainal or Two-PartNetwor s

A. R_ parameters' (Class introd etioly and

current -

- -a, Double subscript ruitaticin,
Jb. Sirigle subscript *nation--

"Stibititution _of -LaW Into_ KVL and KCL

4,quatiOnS,_:(Cla-S-Sioom_:Introductionz_Lab Support)

A'.4Referencing of voltageS and -cur-refits_
Problem

a-voltage of -KVL -equation '4"

-With _± selecting correct sign
: Replacing. a current-of KCL equation
with ± v/R,- _selecting the correct 3'
.sign
Calculation of voltages and currents
inseries, parallel and Seriesia-ra-
-11e1 circuits (one source)
Analysis, of single -loop circuits with
tWo sources -

Divelop proficiency of analysis through

-

IX.

X.

96
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DERA Lt,GLI11)ELfNES

of thesd
`.Ghe?ta4=a1-.4a.4:41,0 identify-the concepts, subject:

importance' of certain' sequences :and' tech=
pique -of" instination .importaht tO-ihe Subjedt
Resistive Circuits.. 'Mori Specific. guidelines 'fiir
the claSSroenf,Iand foz the -labra:iory will follow
these_generai guidelines."

Importance Of:414.-Da,t-Cdu44e--.1JC&Aelaa

course -in .Circidi_.analySis must _pro=

id i--.4:7S-oiiiicilrbiakg ronhd on Wh jell a 1 l'oth el- died
tricalie lee-ironic coursescourses'can.ebe structiii-ed- into

- -logiCal- sequenCeS or-gr-ouPings'.

- -The success tif 4-total- .cuiricOltin iS._iargaiy'

.

0.

Sinusoidal' -functions_ expressk ihatileixati

-tally and graphically.
RaMps expressed mitheMatically -and- grapht

ica1ly.
-These and all other functions should'

always be represented- graphically -iri
-early-studieS, in -order _to get the;- em-
phasis on instantaneous values:

''fmpha46On'Instmitanee46-Vatue6 ImpOk:tant,

,Emphasis _on-instantaneous-.Valties. for all_

yaltageS ,and' Currents , rather than Vie It.,C

or A--C ,approach:, 114 certain-definite -advant;
ages that -repreSents 'a 'key- factor to-a t tal
otirridninfi- situcure. Soin4 of-these achr ntageS

_ *-7 ;-,_are:,

. - 0 ,

dependent ok-the-St'inethre -anci--content ot`thiS
1

-firSt,..cOurse-_,

fliii40044.46iAddi,t,Ana46.4 AettOtty Sta4,6!
...Referiing 'to ihe topical Ouilinea,te0Styve . ....- _

.circuit analysis eSseritiallY-_starts-with Topit-tv- ,c-._ .., _ . - .
.- . -

On- -the ',!'Concept',Of !Equivalent Resistance!: -For
_

thig-iiaion,. iMiCh`._ of 'tiepre-ceiliiig :Material- of
tiii-outline_O-Onld ;be- dOnventently and aPprOpriat=

ply -OfeSented2and- studied in ,preceding courses
*10:4- the pirePosei iitthoductiok to gieOwn.i.c4
tichnafirg-y,cOUrSe. --the -preceding material, to,...

whith_we ..refer,_ involves ,a _knowledgeof basie-
616dt-ilea -,-iiiiiiS- -, walidiOrms and voit;afapere graphs,

b.

-fiefOre_-istarting a detailed-Study, and analysis
of the-student should. under,
stanc`andiliave-fa-working knoWledge of:- ..

-Voltage andOurrent graphs as a function
__TheAimension___of_itime" the
of graph's iS -a-contept with which

Study= of reSiStive,,cliCii

with any- and kinds of input wave=
fOrmS-.

Per;its a gerieral--approaCh -to-
curt analysis..froth..an_inputoutliOt
point of view':

'Provides a -smooth -transition. tO_ the

analysis _and- sfudy cif :cirCuitS_cOn=

-taining-, inductances- and/or capacitances,
since all -electriCal quantities- -are
deriVed 'from voltages and,,ciirrqnq eX1,--71,1

pressed has. functions. of time.
loWS the; general. xiathematicail approaCh

since -the Voltages' _and -currentS are net=

es50'iljr-_expresSed. as, functiOn-s of -time.-

This general mathematical app-roadh is

.important -since circuit analysis
mathematical process of- applying iCirOlv,

rihoff'S laws and,Ohm's law resistive
Vcircuits).

D-d and Sincispidalfunctions (A-0-'are

d.

e.
_

special cases.

the---stiiderit--has-liad-verylitt-le -experience- ---TheDitiving_EunCtion6_ .

before _entering -the Electronics Technology, The driving-functions, yoltage and/Or
: The experience could be gained current sources, can be conant6,(D-C), 4nm:t-

in the Introduction to Electronics Technol- oidat, harps, putzes, expOnentitta, sintularly
-Ogyit;COU-fie -when such. a course is- offered.-

`Constants expyissed mathematically and
,graphital-1Y-on--a--time-base. or non- reliet

0-

or, yin .combination. a

The driving functions can be repetitive

97
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4

drivingjdnetioils Can =be mathematically -de-

-".kinea4iinctions Or they can be so. irregular that

:they:can:be expressed only by graphs as a. Etincr

:time. - .

,

_the impoktande766: KiAdhho 66
.

The áialysis of Resistive circuits, really.

-StattS7wit -t e use of Kirchhoff s- two- lawS;

"ThiS.:heauffs-- that -Circuit analysis shouldt-startyith-

.

_ diredit S-,ilaVing,'-mere thiii_one -resistive -element

44d,:more than_:.Jitiebrancti: -More-then - one reSistr

.4110 ,is needed -to unaerS tand, Kirehhoik ! 4, --voltage
, . .

lawaha---MOre :than -one branch, ii,heeded.to, under=

. Staridr,KirOloff'S- Current: 'law: .

--7-, / -Kirehhoff!S ',laws .aiways -hold- true for ..614.647:-
-,..:

a-: pe int that will elais ed i .

too oh emph as is acea-7911 i.t,SoureeS in a
lirst -conrse on -circuit:ant/4445.

law, which was actually learned

first in..geting-the Cencept,of resistance, is

-ho-t the kift_Step -In-- the anilySiS-0-1.Circiiits.

-Kirehliff 0,s,_yeitage-law 04/Or cu47,

= . ent'law-reOriSentS-the first step. if this firlt

step AS omitted, it .is-alwaYS implied.
_

'a0..044dt

quantitative analysi of any

:

c i it rt,

i teS itb i trary aSSignlent of !PoS t i yere fev

enCe,OelaritieS

.

drvolt ages- and an arbitrary

assignment of poi it ive-reference,for-currentdi,

-*itchhOf Di- voltage and -COrieni-tAnat,
.

ion s cannot be written without these-ass igned. re-
_

,fereaCe.
. -

. . .

lhe actual 'voltage- polarities Aod. the, actual'

current -_-diioits_ are revealed- from the numerical
.:. - ./-_- --.--

,,

to lbtion of ;the- equat i ens= written fora . circuit.

4Serinns handicap to the learner, / process
/

. ...
caii44t-itqarir studies place toci_linichempha-

_ - - _ _

senesPaitaiget-ait4 Pacu4t4-

. Knowing:- KitchhOffes law, the one addition-

al concept required to analyze ,these circuits, is

tile -concept of _equivalent resistance .' -Consequent-

ly the s tudent'.masters these circuits *eh aore

_ .

If :th-ek .0.#1.4xs are- ireatea 44 a glieUp

especially *the laboratOry, the student eiii-

graSp; the _full si- gnificance Tand-iMpotpnce of

-equivalent resistance.

-41;gle= loop circuits spurceS-4m.

Valuablerstudieschere. Superposition theorei-

canlie introduced.

The' pi4Cticil situations of voltage -4i-

vide f; _current diVider,_ OftentiplabLers, alten
.Uators i= suing of tvo"_"SOUrces ;1 etc : , are - Pier'

this area: -

44ade4q4ation6,,aridiodp:Iquiz4904.

Learning to write node _ectUationS, befOre

_ _...
,= .

04 0 f 4yig.re-1?.c--iourc6 using- theffstandard-
,

Tymb0 to represent a battery. Here the voltage

.pplarity. -way laf be predetermined and the actual

:current directions are known in advance: -Learnr

ing,trenbles..Wil I then exist when a second, source

i added circuits having more than one loop.

- In SUch,Pifeuits, -the, actual directions of cur,

be knos;n in advance..,

. ^

98
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- .

loop equations is reeeiiiaendea:. there ;are-
. ,

several tee,-cinSi-'fbr thiS _

a: -Number of independent node -equations
-

required are more easily identi40-.

b. The UliknoWns in Odd eqUatiehs are

Veitages,- and in eleatreniCS dircuis
one is Usually- more intereSted Oji=
,A
ages than

.:

.

c: araore natural- approach to
,

the loop eqUatiOn _methed-- and,- the : use of

the valuable ti.r.0----ttkordh'teChiiique

of idelitifyint_.pid4endent loop ;e4na=
-.

-ii9Ps f; . . .

The ahalys is, Of circuits Keying: Carr*. .
, , ,

soirees -.SiiOUld receive =greater eraphaiis_ than 'e'...
.

=

!.

-has usually been 66 in the IOW.

the- writing of independent loop -aiia' kode

equations is more important than -the solution -

........ ,..:.,.

of the equ'ations-, esptecially- in a first course

in circuits: '' .

Tkeotem6 bon CaLit Simptiiicationa.,

tlievehilils theorem, along witti Norton's-
. - , - .

theorem, Mi 1 lman:s theoreta and the .suPerposition-v;

theorem are valuable tools for thte7SIMP_Iffiii, . .

. ti on 'of -circuits . .-
, ..

..

-. .

.



With-Theyenin's thentem and llillmah's,.ther
_ .

----;a7-----The74fuMberof_loops_in_a_grcuit Can be re-

can be selected
-1446-:the, needed donVenience of =analysis .

iiiterpretaticin.
. . . .,

-,, -d-.-. At t enuatiair,factori- are-revealed 'aS.-4...tcuit, -. - ...,,.-..
._, -is_ red:heed:1n- -thig -way: . _.

d'..., .Wheit.cirenit 1-s -redUced, to. a_single_ branch,

7---;-7--------- . - al i -, - e qi i kir alent...:iotiice,_voltage and an . equive-

.11elit -"output -reSiStancebetween---two . _
. , ,

!alS .iS knoliin-..... 4 -- .-

- . _ - . _.;lierteri'il..theorem,becomei -Valuable wheneirer k

-:-------------.._-,: (iv ant a ge oti s to convert '..sonrceS"-tolY=

:-- curie v...s_ources-. This-need-will occur when, one
,-. -;,--- .'

-wiesliVs,;.-tO.:*.p -001100.1t1';Oialiel rather-than
t'e'irreTrif27-----------,

__._ ,..
'lhe'rikiiierpOsition theorem OSt Valuable/.

having twe'or _m

-..
a..sum- of"terms-. equal- to the ;Wilber-- of -sourceiw.-:'

,simplified
_ __equationicati-?he!-Written =direc.ily in a-single.

Dipindeiit'fSoune.:04'

circuits -having:dependent
an important to include -in-a

.cOurse. To eStattliih- these-de-
Perident;S-Utireei,"_--on'6 'simply' specifies that a

source -isT; dependent on -some - voltage or' current'

in

.

the-- cireukt: The coefficient _that specifies -*

`---the-;dependeneY'iS.assigned!aS, it-
_advantigeOUs_ to,,uSe_13;_-aS _in--transistor

-C-irenitS-.fer-,eZample,:fOr the-Coeffidient factor
hf`r-deperidencY., -The 'general...procedure -analyks-
_ii-,c6M-patibre,With--that of sindePendent sources

nnly,-,PrOirided;.-OneAoeS...notAisregardthe factor

dependendY.,
-_yihen4ependent sources are studied- in the

.--direitits-courie,_the-_student _will have much less

diffieulty_.:_with-Lthe analysis of electronics cir-
tfie_seqU'ence--.

:Power:: arictIttengy
`.kdetaiistudy---sttidy of power arid-energy should

lie zdelay"ede.t0 'the end of _a_ first course

analysii; The defining: equation
.

130wer, p;.= for- anylcirdilit unde
dictates this .° The: student first, -ne
knoW how:- to "Caleulate-v and

With _eMpliaSis calculations_ -o

. ages- and currents _in ,preaedilig,-studies, t T-

stildent is thui- prepared-for study-oPOW:6r

of -instentine6uS-,

any _cOnditiOn;-,

ds -th .

.

Veit-

and enftiO,
Attempts: 'to:, teach- power .and: energy-

early in -a: first course will only add; to the-
problem to:teething Ni 1tage, and - durient

calculations.

,04y40,040e440,4514:Re6.aton4

It is -important-:for- student. to tinder:-
stand -.the -parameters of JeSiStande..witheut Cen-
Ins ing him -withElhe 'Various other charadter-
__iti,e_kz.-o_fthe nhe resiStive device-the- resistor:

It s--.desitab_le.for- thb-ithdetit_in
SolVing, rerti-Stive circuits as_esily. as ,possible._

An,earlyjoileer tUdy- of resistors rotild only

A.theioirgh-,44- of,
ledgencif`,,powe

Taking- 46644 e io '.§,tudent!4- 8460

The teaching :OE reSiitive-.-diiCultS.-Shoni&

-take-- advantaile,iiri-tudenti*-- ckginitil:- 04 tied;

in- the previ j htto *tip_ A' n4, EtegticOn4e leCh

'Ito_togy course.as well as his --mitheMatimai,:f?acic.7.,.

ground4n al$ebra.ind- trigonometry:
gratind: allows- US to -mOve_ intO -the --stirdy-OE,Waye-.

forms at- an early:point ,- both,
-as well_ as the laboratory, on a- qtiantitati'ye,aS-
-,well as---qualitatiVe baSiS.

.Using thelabbAapty-sEnyilihAinerit-to:Fu4 AdOinpac

- As the laboratory enViiOnMent Is .USed:_eii;*-

;tehsively tin this -series Of !tepics to-intinduee
major -concepts-- and since -the student 'has -the
_backg 2'0 und and instrumentatiOW tapabil i ty.

-necessary for -observing, interpreting--,- Measiir7:

Jr*, and calculating the significant waireforM
quantaties involved, the study of resistive,
circuits" is greatly- enhanced.

. Des Of-Taboratorrproblems---cati- be

employed early as a- iesult of student's instill-
.

mentation backgrountcircuit-9



q:; measuring, instrument_ for this.
courai: shonid -'be the- ,OaCil lose4e, again- allowing

the study. of any iiivefOrM
. ,

Schematise- Aite SouAce.--o6,15kae.ti.* Onobtenia

,Theproblema, as found -. in teiabooka, will -be
__ N N

fr*practieal kinds- of circuits :but the - student
-,*arficir;be-.aware -'of: this. The Student: would` be 4,..
ior e.-peAitively ,mOtivated-.,towardA study -Of -Z6;7

sistive.eircuitOrknowing: the,poSsible'AeUrcrea-
: aome-Ok; the _Proble4.,

" :Schematic -diagraitatiinatrinenti,and systema
lhave_ill-.kinda, of resistive. circuit situations.
PrObleia,canfbe "generated, - from, thesiWiliolit--,ot
the schematic diagrams: .Perhaps- only a ..-small"

-.percentage -*Ofthe'-eircuit Problems needo -be-
auch,..A ources in- order to. satisfy

-.dint °-
_

, The- topical Outline for" Re,84.5Live_.046.44
-ident fiet-twelVe major:-topics through Ali:
'Some,-_specific"..stiggeatiOna,aficf-_inkerniation are-

.
ent ed`lOr these topi 'in:the-Order. Pret

07m0ln-the, Ou tline._ Any references to ecPer:
he__;Preaented _in inore,detai

-f011owing..._seCtiOn.-of Lab o-iuziOujf,euittre,i4e,S;

P4ti#1.6f Peutiimetelti .

most iMpertint:PAranetera-fOr rcuit
alyszs areVoltage current,and_.time, =Although

olage-1.*.,cleflhed= as e.neiuly.,:Pvt.. change and . Cur-

rent--is 66,0hOhgei

it:mai heln re-satisfying; to -the Stthient ;(at this
r_earit-atate in studies) -to- think- of.-voltage,
as:;:A force,ind to of -Current as A _reaul,t -.of

-this.-fOree.. An. intiOlvec tudy of _tha:phytics of
-electricity_is not-_recOmmen at this- Such

concepts:. should be reserved for e -cOursea in

l.icrmere.than one, -or possibly two ass per=
Pads_ ShOuldbeuarid_. for 'the identification d.
definition :Of electrical tinits_and_paraMeters.-
The-iabOratory time can concentrate primari Y -on
-voltage- ancl_'Curient_ measurements- and _beConing fa,

,T7intl-kar7Iiitirthes-tinits-of-Measurement.____

WAVEFORMS _

The = elasaroom Should emphasize file laaftie,

matical :CorrelatillT' of definecf, functions with
the graiiiidg-, -ormniaPping; of- various functions_

on_,the cartesian,coordinate system. The concept
.

_ _ -

of time as one Of the tWo_parameters- wilrneed:
special emphasis Since- students-
.not- be acanatoi9fed to- plotting" equatiOnaiia a-

,-
function of dike., :There ). '13 /640
that "involV ea .ariverajbli,i4init,and.:y termint.,

ology_ to. -v or: .4 and terininolagY

kmith'enatiCal ,equation Or -current :function
ifiVOlvii..the...appicipriate voltage: polarity,: or

. _ .current= direction; is Veil as- map' 114; ----'The_-*"
. .

-Significance of, aliositive, negatzye:ifalue
_

must be appreciated thia-toines Only
assigning *11'1 diagraiii. The funct

- ion, 'ia: teli;slefined accordingly:.
EqUationa":writteli fOr-aignif'i;Orit

vats of discontinuous ftknetiOns _sbObld ,em-
_

plOyed. this -isaigriing -a- "Zero .time °re

ferenoe at- the -Atari of a signifiCatit interval
auO, as the ramp'-of aSawtooth-itiVefoi-av or'
each- ptilSe- of a 040014 waVefori- -can--ba*a.
its" -own z'ero."7tiine reference._ This technique-

-eliminates CeitainMatheiiiatiCai difficulties
and , ii-.Aometintes identikiad-as--a

4'teChnique-ofanalYstA-

v04-Antome ,getritioliakco
The unique- feature - -of this- topiC is the

use ,of, -the --laboratery to-- introduce -Ohm's

.It is itpoitant that:the' stidenaeo:hOw, this
_relationship is developed; therefore, -the inz,
troduction is in the. rlabbratory_,,-not 3iii the.,
classroom. _A recommended procedure is-aS fOlz.

lows: -

The student, haVini-been- introduCd-.0,
"voltage /time -and current/time- paraiieters,

., _

is now asked -to establish- current/volt-
age And voltage/current relationships
as outlined -in Experiment #3. Not only-

-is _he:exposed to lineat and non=lihear.-
devices:but he develops Ohm's-Law -by

nding -the slope of these -volt /ampere
..

"

a



.relat fon-ships-.
1

itigeroUs:-Math,!baSecl support -in the classroom`

is important, in_following-up,what Has been intro-
duCed in this labOratoll, experiment.. thiS is the
time' or.aina.thernatical definition...of the volt,
age/tin* and' curientitifne interrelationships.
,Ohm's Law is defined.- at this_ tiMe, -hilt its use

f,., in prOb iemf so piirig delayed 'Until after
-the...deifeIOPMent cif -Kirchhoff's.. Voltage _and- cur-

'Emphasis i0hould'zbe. placed Upon- the distinc=

tionbetween,a resistor _and. all its various models'
and thezWerd. 'ireSistanCe: ReSiitanee shoUl&
defified....ii.:toltage divided by-ciiiient.

fquiVaatit .

,`A_Majer-=_Pioblem :fot students in , developing

-problem =Solying:AechniqueS- , the ,tinderStandz-

ing'-ancl--iaPplieciation-ot_ eqUi alent reSi stanee

and - equivalent impidanee -(Z` -).in later-
_- -Courses.- therefore before--the introduction

,series an&ptraire I_ branches,. it. is_ deiirakle
:.----that,-,th .0ttider)tir with an _eNratiO and .

identify- ii0aS,Iteq:(EquiVaient _ReSistande)_. Many

,circuits- is needed;_-and: assumed_ with

solution-1 er iS-the reCOMmended `technique,

is introduced in the laborat
- _

as outlined in Laboratory_piperiment,44:. ain,

riitchho 6d 1.5 Voltage Law

Law.

The student now has- enough' InforMation- to
deterfnine all :electrical quantities in-.any pas=
ive resistive- circuit. Mfewlaeasureiente -May:

be -necessary, but ,__ th- the assistance -.of : Ohiu!

-Law,. the student should-be in ,a,-piAitien-te-
.

begin,probleitSolving techniqUeS:
the. advantage, of delaying prob. lenvSOiving-

ressti"Ve unti-,after- the -developt
-Ment of kirChhod's Vaitage -Law-and Current

. rather.-than-to ' S Law is that
the -student. can begin, circuit ranalY_Sis_,wOrk by

dealing-with -either a-..Veltage equation -or a

-etirrent rarting-to`-problem sel.ve. -
wittiOhin's:=LaW involVes; one eqUation and4

iniuin of two=-UnknOwns-. -While -dealing with the

veltage-:laW current Jaw the-StUdent :_Mar .f±ro

4,

gress more :readily" WI** is taugb to.Solve,
for oneziinknown with:Cite :equation, . Law. is t-

Aised; to assist the- studeiti in:reCiuCing--the---volta
.--

age or current equation to one- egnatiOn with. one
; _-

unknown;. therefore ,-he treats S-',Lawa4 a

basic -dekinition:: that -wi ki assist him inrilie-
solutiOn- of a etirent- law -or Voltage

equation
the- ClaSSroem _discussion- Of _0;0 lein---s_olV4

-

e/asSroont.stippOrt is needed -for the Mat ing is important in _assistingf;the-student in-

,treducecil'ii:the _lattoratory_-. devel'oPing,efficient-prOblein-seiving -.techniqUeS-

e_itermincilogY--neeeSsary..for--ciradit

'sis -_rs define:CI: in the -.outline; -along With-cir-
..eUit-ConfiguratiOns_ apd thenotations- neceSsaik.
lhiii,inferniatiOn_ isbest studied= inIthe claSSroOm

-al_Ong-with:an-;outside- assignment .1.

Therez_Cotild 'be strong temptation_ here. to-
.

teaci,serieS-circuits and--serics-paral lei cir-
cuits .coneentiating on the solution -of cUrrents-

yO44ps-i---oifig. Ohm's law.- :Such- temptatiOns

-Sheiildibe4Veided. If circuit ;coniiigurat ions
e,SerieS-,parallel, are used, the concen-

-i
17tration--4441&=be on -the es/is ratio. , This
_approach:to _equivalent resistance dictates the
fl **a to ry, apProach- with supporting 'discussiOns

0

initially. engineeririg technology Student
is expected-to be- effieient. and\organiZed, -,There
fore, good organizational procedures are -Duper=
-t ant

The assignMent of .outside-problks
of -great assistance to: the student -in learning-

4
on his own the-pro-aLeis_ are sequenced,-in%

such a manner -that -one-Or-obi-err assist
in the solution of -another- problem.

Now that the classroom discussion ein=.

phasizing _problem-solving- techniques, the--lab=
oratory support work begins to present design
Problems: Such an example o.: basic des g'ri
problem is presented Laboratoil Experiment'-4S:

In presenting Kirchhoff's laws in the class=:
room, it is recommended that Kirchhoff's etirrent_-_



law (Kt. be:.presented' before- kirchhoff's.
age -laW- MA. It is -further recommended that_
donble-subscript notatiOns -be preiented- before-

notations. 'cIri either Case..,

or-KVL,- the_early_studies should IvaVie -reference, ,
eirenits-haVing re --.than ,one loop..

tecom-

. -mended14or,--titudy--Of dcitifile=stibScript-

notation,-

4,4"niticiit a/ughate'. ,titre voltages- are there-_
fOre:_giVen.. The- objeCtivefor the student. is
il-sOlve for all, or any -Other -voltages through
KVL equations:. ithawers.-fOr 'the-voltages, acrois-
the .are:repreSented-
3. irobleil.With single -Subscripti
shoWn.in this repOrt

a

-Protileis ;ire =desitnedi-bY -Specifying the Currents
1n-41i-but-one-oft he branches: Thelstucient.miiS
*then:calculate-the CUrrint- ther,One7 unknewii..
`brarich;:frOiT!the,KCLeqiiiitiOn.-

FOr---ehe,SirigiersilbsCript notation, -a similar
riatiltibtanch° junction used -in.- which:referende

arrows, -are, specified 3 for .each---eurrent:.in each

airandtz_. " Ttie °_terminals _are not identified in any-
way. .Problem t With 'Siligle,SilbSeript- becoMeS

-a. little,,mOre-;iiitrOiVed, sincei:a4ekerence,airow:

.dan:be._Spedified..in--either-OftWo,direetiOna.-for
:eieti:lbranch. This generates,-a number of.-claSS
-probleM- situations. "(gain, for each _problem, -the'
student 'Calculate the. one- unknown= current:

`l btheis will' tie given. It= may be - necessary

to- 'reemphasize that KCL has reference to a summa-
-tiOn -of_ algebi quint iti just. magnitudes.

technique'fOr _pizeSent=

ring astudy, of KVL is -`suggested -`in 2-. Here

-the:signiffeRancterminala-are identified = with

letter- 4ymbols-: This circuit model

v0,

Fig=. 3
.c

Sub6taut,imt o 6_ Oilm'.4- law,Inio KVi: -S KO...

.' Until noV!,_-calculationS for both_IcurientS
,,,..ana voltages in.-the same. circuit hve not -been,

-eniphaSized. The equation:feu" ohth's_ Law IvecOMES'I
, .

(anything daii-be-'in...ihe,bOxes)- has six-significant
terminals tie riurber-of-givien :voltages proper_ ly

-pOSitioried-r-can-,:be one te46 than tne-

important -at_ thiS point in the course. TO

appreciate- this fact, it is _only_ riecessark -to_
,rectignize- that Ohm's law equation has\theti/o:
uohno-.116--of vr' and for a _giVen resiStaficalt.
Learning ifohiems will exist if one of -.nese .'
two.- unknowns, such as vr, is removed by using.
es in-other words-, a gi_ven- source applied to-
a Siigte resistance is -not .a -sound approach-..

The recommended approac -is to alwayS

102
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one. of jCireldieffla, equations-first either KVL
-or, KCL as ;convenienyfor .a.circnit,, then make

substitlitions-accOrdisig -to Ohm's law. Refer to
-"-IneToblem could be to rind tIke

age across olie of the resistances.
1Firati.-froiniKV1.-, we write

es A
+ -:o;; -+.w3

The.n;,'.1?-rObstituting Ohm's- law for each .voltage
4; 0- -

across, each-reaiItknte, We have that,

+ .412-

And'hyr'Colleeting_,Coefkiciesits-;

.4121 +R2 .+ 13) =
q

...

Wetan-then'revaluate the' current and,,,
_

.. . .. -
`1y, _00-vs:At-age.- _Notice -that. air Voltagea and;

.-
the current must ,be referenCed, _but_ not neCessai-,

-ily_ the -shown-shOwn_..in this. one..case. :- *-.
.. ..

Fig: 4

t,4;
lietwo'il.5.;_eqiiatieons, either loop or-node equa-

tions, represent the _ce ie.-technique- that :will
-permit,the,solution" of an network- regardless -of

-the'iniber.Of-116Ops-, -rramber"of juricfionsi- or

.,-nineber-of.,,aourCes-and no matter whether theae-

SOurCea :are-vOltages- or 0.s-refits; dependent-or

AndePendent._Sourees .

''Noce.eqnations arc presented before loop
equations 7 reasons presented in the geiteAj

lteMember that--node equations are-

:Orient ietinations -.written- accordinrtd, KCC with

4avLsiibstitimed. ;rho unknowns, 'therefore,.
-

are voltages that are junction-tolusietiOn-volt
ages with. every -unknown voltage measured

Common =reference -junCtiOn. "No-significant learn=
ing problems-exist. One is to write,. each -'equa-

tion-.0riectly--ind- the other is -to
independence of- the-- eciOat ions . Pattnj,
40h4-co4nec.0:10i-thelMore_time=cOnsuming_prob,-.'

lem-and:the-student should--have.anffiCieni7'
opportUnitiea,to attain proficiency -Do-not
concentrate'Onthi-seliiiion.Of the-esuitiona:W
teaa-colifuter-facilities'are-iVaiiableand bsed;_:

The sameltWO-learninipriablems-eXiaijWhen
. _

Warking -With ,iedp-eqUationa. COrieentraie.-on-

letting -the-student 'proficient- in writing:the
equations- correctly. ReMembers..tbat-

tiOnS.-are.y2ltage- equations- Wiitten-aCcording-_-,

to -the KVL:iatiirohla",s Siiliat tilted in -the:-
-_appropriate terms. This -means that theIn-
knoWns-are: currents iCOnsequentik, an ndePen

'dent fop _Shall ficit- Contain- a-Orient source
-a ince= that _Orient source is -not an unknown:

IndtudtaiOitA in-thebepitobtenis that have
CuAtenCiinlide6.

-to:handle current sources, Simply ShoW,

a _toniplete current loop;-(any _convenient loop)

fcii, each ,current source. 'Dei-.not- write in' equa=

t ion -for-this loop. but- dO'use-this _curientAti,
writing_ the voltage -in-each-:biancli -far :which...

an...independent -loop has 'been, correctly- selected:'

. WritihunetwOrk, _equations- is
lassroom-pioblem._

-A41446Z6 by-fquitinUntCiheait4
-CoMbisigi resistances. -in -parallel or in

series '0 obtain an equiValehi resistance -is
_ .

one example:of-analysis -by% eqUiValent circuits.

Obtaining equivalent, circuit -not- Only-OrOVidei
a certain convenience -of analysis but also adds:

-
considerableTunderstanding_-to the response-,of"

a Circuit.
The -various theorems (Thevenin's, Norton's,__

superposition- and others) also provide conve-
nience and understanding to the analysis and- -

response of circuits. With these circuit Sit=

plification techniques, At becomes possible- -0

r.



interpret the response of many, circuits by In Spec;,_

! could- not done, otheix ise., The Sic=
of Media; -later inAhis report:,

pipe Suggestions for obtaining, proficiency_
:in: using -.simplification =techniques-for circuit

as a _concept, is
not difficult fOr'ztke-_-stualOt-. problem
here, *it'in`liriting the cOmpletequition
:_iHrit--thei-given:dirtiiit. To overCoite this , the

--student be 'urged -,sketch theeqUiVaient
= cir_cuit;in; -a fasiliar fora for each of the -,so_ iirces
*ter MaY =not

:theoremS,-=ai_= a !tea:IS-

:of -!ctieuit ate -.net always rfuly-

apprediatedliy,the- student:A*074e:
!_x*.p!ted-:tm,tliese:-AeOriii. 'Thep. 4reqUire*--a
-aertaiii!?!tiount-of.: eicOeriencei-,andiiatieice-is
encouraged .

.readily-{appreciated. .itthe
a network te 7tits: of ia-d voltage)

=and- in at
-SuigeStedsfelisSrOOM procedure follOwS

:. :-
rt,:tostitiam--Piesenta.tibti . IA tiietiviiitf4 ,arict,:_iitotr.tori!.5

thio- "Lem- i --..*--' -....4t- : 'a' -. .

twig i.
_ ,... , ..

:4etat Zoit of d ea tivated=soiirees

-49'..,jr,oltalefietir:ce7gaing..tO zerO liglti.
,

zero
(open Ecircuit)

il,-.-.-EicaMi;iation of two totibia1- network using
box"-technique

.1 .

_

.4-4:7;1_14

1/0.9king: it\at -and ii-we see
'only iwo,titiantities-, _an e and
and Mtiiy: *

B) How might we draw a circuit .deitOnstrat; .

ing this e and :this- RI"

., to,
C): Is there ;another ,circuit that will give

us- the--Sarie=e,and, the it? _
.,

C,

D).- If both these cirtuits demonStraiter-the
. .

same -terminal: quantities; they -muses
,be interchangeable ai

I III Reducticin of any network to Theyenini
equivalent _cirCtiit.
-Al Referring back- Ito biack-boX--.of,lart

'there Could_have -been any' netkork_aeo,
tually. inside, Nit still cieinonslrate

y
only the two:quantities at:terMinalS,
T a'nd.H, namely e

B) Therefore. -these two: simple circuits=
Must ,be..equiiralent to whatever _is,;
actually box. 7,

The series circuit we call= 7 :

Tbevenini s equivalent.



D)

2) The parall

equievafe

I
a. 'N

* ..!-,

1 circuit. we -call Norton's-' ind--4owii, as, many -times as there are.Prancies-
..-

t cieuit, e .-connected to /hat. source. A- transistor- circuit_
.

TO .teduCe'"Iiitwork =at any -,two terthinals-

toja -TheVenin's ecluiValent

1) (use methodAeard'

-this joint) *

:(source-deaCtii.reied)

3)- Draw -equivalent 'Circuit .

TO.427tido network to Norton's '.-equivalent
4 -

.--
2 2 4

. -

Do -some

,

problems on reducing networks to Norton's
.

,equivalent. circuits:

'IV. ,Thevenize r the _following; kind. of :problem

that 'shows -v-
cc

as the .one supply .for the collect
-

or- circuit as. w4i as, _far .b4Sing is a lood- ex--

Abetter .0 ding exists if /he.

biasing- resisfor di ritUrned/o epirate:

supply_ (in .a, CirCdit ,M9401)-Oat -is- eval-;to:'

vcd 'arefOften

analyzed, Ilse', by lioak:the-,hircre =ipiitting

technique-S. -4

'Anether -techni at useful- Iat tipies-

la the ladder- techniqde'Whire yeitaie

at silMed;:at.; the - outpdt and'-w0 woikubackward.

toward- the_ source encl.-Up:with a.staldng,,,,-"
ratko.,.

Tilt:iCidot-TichniOtli-
.. ,. ,_ : ; - -, 2,,:- .- '1", _

. It ,is ,ok ten'oOeilebked -in. the- study: of.:-,, -,--

. . . . _ ... ,

1_ -resistive i,circuits- that -the -,titily,' functieiva- _.

resistive 2"netWork-, Can- haVe--:is that' tifI.amplitldi

Scaling: -Ali antilySiS, techniqiie that en4i,hiSiiik

thii :fact, is one that if:,e-Ommonly 'cal led -,the' _. --,

ladder techniqiie: Air:exaniple- of- this- teChnique. --

--/ .
'':

-- feller/a:

the techniques used to reduce this

:ciriOt-_:are-really.-applidatio4 of

-Th.0660.-t=and _Norton's- equivalent'

Or4Mi 1 lmah' s TheoreM.

=404440:-,_N*04k Atio,y64.

Stime.SPecial circuits lend- tills

1y- to-Unique:methods -of analysis.

ting technique is_ eictrealely'Valliabl

ient*henever two or More -parts of
,

:rotUriied, to ;the-sale :voltage source

sim0y, permitS the

..4-r:dreLiiiiniidei-Where tke _One _SOdre

. In order 'to 'solve- this:Troblemfor- t/C,

liewouldi. be tempted- employ Thevnn.'s';The-
.

ei

046., Wilting, 3 nodal:equations or Perhapi-
.

i

el/el-0,104s . However, if one were, to:oaaloci:

ye_ perhaps' we can arrive at 'a- that

will indicate,- the -scaling -effect of the :circuit
. .

_above:

1. Assuming a ve we -then- have a- coirea.

elves'natural-

e : node- 'split

and conven-:

circuit are

The node-

sketching 'of

is "spli0-

,-07,116

-ponding value for vo.

2. Having this yaiub for _vcD, we -can

.-then find a corresponding _yalue;for

vBDr



.

This is :repeated for VAD ,and. finally for iiiques. The. Wihould- fellow -a' lab, demenStra'
.

-

..a,V,alUe. of e . tion of' Voltage _at-a-current ineusureMetit;_ - ?

: -..- 4o_, - , - -. -
4 -..The -Value -foiiikkor e. '=vs= the , assumed Hopefully the .Student will also get A-.Eeel .

. _ 0
for series voltages and'Some insight into 01,__when, equated to el iorokrides us with the

v.
o-

ratioinecessar to' find 'the. actual value

Of a4141. then= the sal,ing factor of

and KW, Although_ he Will-not. have-been intrO

duced to thiS at thiS time: .

Circuit diagrams are not Shown .here;
kinds of circuits and circuit elements to'fbe
used are left to'_the- diScretiOn ,of the iniruc,

,
. .

ergtudetit' ai this. point 'is ready to handle tor: -Perhaps one might wish -to to psi: dry-celis
4 .

ower andinetheds Of finaing,poWer
pic kends itself, to introduction- inthe,

....:laboratOry-:-!ie:Might, well include at this time
Max mum iibiiSfer- Theory. -this 44.111 rein-

"toiee-2,th iMpurtatide=of eq
:tThevenin!s:-.Equivalent .Circuiti

.

..4fterYtonS,idering reSiStince. and - resistive
. '

-,eircuitS, ef,the rphys icil dem=
.

Connected in series InOt in parallel ho4Ver);

. for -veitage,measurementi. _Perhaps a damp load

coulcr:be added'and urrent'mea§ute&with an

amrneter,. Oerhapi -the _peaks Or

voltage of a sinusoidal function ,deoldbe
.

measured On,the oscilloicope:. These ,are ,a

num er ofypossiblties.

,....--__.----
ponent ,azid=its, Characteristies_-is _of value to. -
.

. ., .,
-the-., student2._This is _presented at,-:th end = -of

s.the`,_,Seiiiienee-Of" tOpics to avoid confusion between
.

-'/C4i.ittittice°anci.i a=:te..64.6-to,i. ,

lAgdRAT06.i6ilit4IkE§-

the'iiiitested *seqUende of experiments present-
theie-AdiJoAram4 Gaideline.6 are identified

-;the-044,.."for the convenience of this report,
TheSez:shOuld;nOt -be interpreted as =a complete

-course or that other
°experiments..COUld not be interspersed-; or substi-.,

-ithe:-EOrinat ill_ which. the experiments

prepared -may be=-of as.Silel 1 as the
:jectInatter.

e=Prebidi:, -Me-a-sdrement of voltage and

interest

current

'Stud 'fit :Background Required:

.i.iciarStan-ding -of : voltage polarity

current direction

311: General °'No'tes:

.4 _This lab is simply an exercise to fami 1-

student with -basic measurement tech-

he important thing -to-,Iceep-

is the measurement and/or current 'on.

an instantaneous basis. _Do .nOi -uSe-A,C: Meters

'her brilli up the problems associated witfi .rni4

values. Concentrate only on those- readin0_74

directly available from' an oscilloscope-which.

are instantaneous values .as a function -of time.

qe-tea

ExpenOent .2 !-

Problem:.

Graphing of -Waveforms

j) Plotting of voltages on a voltage-T.

Vsttime axis :

Identification of significant,

to
I . in e

A)

quantities on waveferfils
,

B) Expreision .of waveformS ,Mathetatically

C) Addition of- waveforms' °

1), Point by p0int

2) Composite on oscilloscope

3) Addition of functions matheMatidally

II .: Additional Concepts Covered:
0

,A) Any resistive network, regardlqss of.

input, will have only one response ,

106

.,-)r

.

that of scaling

New 'Terminology Encountered:

Interval Scaling Continuous

D . C Ramp Squarb Wave



. Pulse Pulse Width

Time - varying.. Peak DiscontitUity

Student BOCkgteuhd--Required: ,:.

Algebra

--Graphidg & Curve Fitting

;Oscilloscope Use

::13-IWei-Supply- Use,

-13SCillator-Use

-Tundiithgenetitor Use

,PuiSeGeheratotuSe

:Experience in Connecting Circuits

V. dederalAtteS:-

gehetal-approa0=taken-in this exPeti- ,

Ment IS:ity4ctUted by allOWing=the student-mote

*41Mote4reedOm:as-,he,OtegteSSes.- .

_ rt4 4.4*-41-440iitd be>g4ei one pcin.e at 'a: time,
aliOwinethe:instrUctorto-eiamine student ptog=

O

Identification.and-_ExpreaSion

_:(Graphical and MathematiCal)1of

.1COMMOnlWavefoima

iewl'erMineiOgy,:tneeuntered:

Interval- .-Square Wave Sealing-

Trianplar- 'COnfiinIOUS

'Pulse Width .Time,varYing

-10* Ramp Discontinuity ,

:Piodeddie:-IPitt I)

_:-.,-*ICOndedtAhe ci uitbelew and-examine vo

With_Youroscil scope time base adjusted
-s'-.

-SOAliii-,One:,and-only one complete cycle appears.

Graph= uo =ys= time, indiCating all significant

_yalues:loramPlitude, time etc. Write algebraic

--expressions-,or quantity graphed; When graph

'llaS,--pointa-_45EdiSdontinuity, write mathiffiatical

63(pieSslOns'in terms Ofcsignificant valUes.

Use the valbea-of e
s
.as given-below:

a; e = D.C. voltage source-Set at -31/'
_

a
2 s

e' = D.C. voltage source set, at =31L

b. e
s
= oscillator set at 1000 Hz

c.
s
= function gederator set for Tamp.

7(ot triangle) voltage at Atoo-

cycleS/sed-

0. e = function, generator set for:Squate,

' -wave-it 2000 cycles /sec.

e. e
s

= pulse generator (vary frequehdii, and

pulaewidth)

Procedure: ,(Part:II)

In-thiSSeqUende-employ tedhiliquO, dif=

CUita,and.ihatrUetioha,u.Sed-on sheet 4e,

plading=es:as iniidated below. Plot e-s1_,-And

e? individually -and then plot composite °by

adding_points,on-gra-ph§ibefore-writing-equa-

tIOdjetresultafit waveform.

f e-
sl

= D-C source

g.

e
s2

= time:-varying voltages used in-

previous sheet

Now experiment on yohr own in combining

sources and graphing and writing equa

tions for resultant v
o

.

h. Connect any resistive-network of.foUf

resistors in any combination: Use.ohe

or two voltage sources and examine

relationship between the applied volt-

ages and the vo you choose.

What form does your v
o
take with re-

,
spect to applied voltages in all cases?



;4k0,41therit.3

cite,:s. ns.Vutc,to

.The - Problem: Introduction of concept-of
.- ;

resistance as ratUre .
ti

*filineir R.

8) -Lindar.IR

C)T-- ..81-5re,of -via :graph = 1

. concepts covered: Introduction.

laws

AeW,,terMindlOgy:

,Volt7Affiliere:Graph Line'ar R

lleSiItance;_ Nonlinear R-

11,AMiS,R-

Itudenviackgronnd'Required:

AaborateirtechniqUe,in-measuring,v and

:i3-4.1otting,-Of.-Curveg.

70ii-i%eiperiMent:e-MployS-_a-'se-quende-Of-activ-

-- Ities-,ftrinirOdueethe-Coneept of resistance,

qbeginniligWith-_the-use of -both typ s of-volt=am-
, .

15-ere4ralihS-fornonlinear as-welL s lineal-re=

sistatiaes. We then relate the slop -of.V/A_graphi
1

-7With:quantiiy_theasured with.ohmmete . .Resistance

is.then- defined: as .the ratio betwee Voltage and

_ _Orient.

' he-sheets_Should be handed ou individually

,diongl,With,the circuit eiement_qu'that sheet. A

for the firSt sheet, 100 ohm re-

. _SiStoiJer sheet #2, and Al1e00 ohm resistor for

the,thircr_sheet.
. I

_

_the student 3does some investigation

into:Oht!s_LaW__as a lead into the classroom treat-

;ment of this ;topic.
é-Student should be warned to deacti ate

power- source befordremoving element and m asur-
, .-

ingit5 Value. This experiment necessitat s the

useof-a:Scope with D.Cy input.

t,Oic_TiteStddent

The Preblem: Volts , (v) = ???

Amps TT
New Terminology

Volt- Ampere Graph Linear R
,

Resistance

R, ohm's, R

- Non-Linear

Procedure: (Part I),,

_ Connect the circuit below and plot -(on
,

both a v/i graph and a £/v graph) a suffiCIent-

number of points to-produce-a curve that 0.44-=-

ically illustrates the relationship-between

the.vottge ac/toss an&cutiite4tIftoujh'ihecir=

cuit elements. Do.not exceed 250_ma current

through circuit element., Use #47.bulb

cuit element. When finished, ask the instruct;-

108

or for Paft II-
.

Nt.:

Procedure: (Part II)S

Repeatfart It.replacing-bulb with-a-

sedond'circuit. eleffient provided by the iiistrudt=

Or.

a. Calculate, from graphs,_slope of each=

line.

b. Disconnect at points A & N and measure

with ohmmeter the circuit element used.

c. Compare results of 1 + 2 and comment.

Procedure: (Part III)
; ,

I

Repeat Part I, replacing bulb
.

Withd:

third circuit element provided by the,instruCt-

'a. Calculate, from graphs, the,slope of -each-

line.

Disconnect at points A + N and measure

with ohmmeter the circuit element used,

c. Compare results of 1 + 2 and comment.

l?

Procedure: (Part IV)

1--From Parts B.and C of

have foundrtlithere is a

the V/A graph of a circuit

this experiment, we

relationship between

element and the

quantity we measured with the ohmmeter.

Represent this relationship algebraically.

We normally express this relationMip

r',
a 4



:in teraS-elf the, form_of volt-ampere

------.1.ie,soOn-tite of expressrig this as -volts

7 ps-_er- the slope of a line and -call'
'41
ithiS-AUntitity reslAtare (R) whose-unit

IS-- the- OM:

'COMpare the. graph you developed i n Par A
I -

---.)::-with'-thOSe4iri =Parts B- C. Comment.

InVeStigate-fOrther the interrelationship

Of*thOSe :three .quilitie

-ExpcJumeat 4,

The:Ptob-iem: :Definition and_ approximation

. or -restst ve netIvorks.
.

q0: 1U.64.:for- erieS,..para el ang, series

Pitiliell circuits
11

RedUCtion;_of net into Series-,and

pat4i14:grouPS -arid Colining i) _find

1,
,eq f

4g-1441*e-of values of

''":-iiSiStarices on Req.

NOV, terraitiOleiy Encountered:
- 1

"R- e_
-s is

III.. :Student ;Background. Required
_

Laboratory, technique

(VP)
- . -

1610'i14w

*"ift. Gerierallgotel:

Acquence.int

concept = as the ratio betwe

It aige--allowS the ,student s

developing_ the:iathematicil- relat

In,'Seriesi_pata1161, etic.

InCluded-=iS _a sequence on re

-CariCe4tiW_S_An network and might

4,-liadinte,4-treatment of meter

Aab=Setluence should be

-elaSSieekpieielitatiLn of .Req for
resistances.

.be. the-treatment o network reduct

cognition- of-these contigurations

individual

educes the

n e
s
\erid

me frfecidm in

onship oE R's

lignifi-

well seltiie as

ading.

llOwed with

eries,' paralle
e

ncluded should
.

on, using re-

nd finding Req.

;-Fon_The Student

The--Problem: s = ???; For any

Network

41,

N,eW TerminologyEncountered:

Equivalent Resistince

Rpq, e$.

Procedure: (Part .1)

_
Connect the two circuits, as shown-by this

part; and plot the volt=ampere graph. fox' each. -

The circuits -for this experiment are all On 4-

sepa ate-page.
Pe-enegize- theme source' -and d,measure with

an-ohmmeter rle esistanee- that the

-. -source "sees" at- thept terminals
k-and'N.

b. COmpate graphs -and reSistanCe.meastirer

_Merits .lior_ -the two circuits.
. .A

-c. Compare- the-yolt,amper"e-graphs: obtained -

here_11-4h . that-of 029et where.

a #47 bulb.- was -used, as the circuit-

elethent.

Comments:

.Procedure: (Part re
InIPart I we discovered' that a resistive

network -can be _represented_ by a single retis.;.:,

tanee when we are ,toncerned"-withAlhit the

source i'sees". iihiS is celled the equiValent

resistance (Req for -the network. -We found-

specific 'Value- by looking' at -the -graphS

a.

=

Resistiv

aiyliaeasur4ng it -ditect 4i with the ohmmeter..

is
"Req, for passive any resistive tett_
work

a. Using the techniques

!find R
eq

for each of
.

found -on a separate

meni:

Without t king any measurements, could

you have timated any of these Req' &i.

Which.ones and /IOW?
1.

Comments:

Procedure: (Part III) -

Now, how would yob

employed in Part :I,

the, giVen circuits

page fot this expefi-

a.

b.

109
4141-1,

S
estimate the Req for

the. resistive network in Part I.

In Part,I-I, circuits 4, S, and 6 demon-

strate the relative significance of

resistances. Comment on effect:



"-1- .

-- 4

.7(Pait-
..

a. :,Using -anY-ioui.tesistors; connect them in
efies-en ,citeuit configiiration to. form -

-terrninai= :neti,iorks and es tiniate keg for
each. =Check -with ohMMeter.

b.

. .

Tryr several-, coMbinations and -Values.

60

.2K

560 , 330-. 100

-The "two- 'figures for Part I,
: Experiment 4

. ,

These- six circuits are:for Part.1 I>,
o't _

Experiment 5-'
NOti4 o Instuctok
I. The PrOblem: \Designing a_ divider -nettle:4.

A) Maintaiiii: Bleeder Current at_
,10V S-oti de current

B) -- Effect: of a
'II. New Tetminologi

'ib
rd.

I.2)( rb

ding additional- loads
Encountered

leeder current
Dropping resistor
Bleeder resistor

III. Student Background Required:
s Law KCL

KVL Ferny iarity lab
equilipment

IV. delieral Notes:
This lab experiment has employe a- .sequende,

of problernS £eadbzg the student to t e-de.1641.-4
n, loads voltage divide . It allowS he-student
' much freedom and requiries that he use a bit of

initiative on his own. ik,

. ,The student shoul be. informed that _:he-

will be unable to fin exact resistors needed:

110



:-,Prodedifte: ;(Part I)-
-GAyekyoUr .povier supply; an assortment of

design- aii4:conneCt

a circuit in =which -the-Orient through' the bulb

ase'90%-,of. i Thit IMPliei a -seand-Ciiirent
_s,

path:, will call the- current thrOugh -this- path

,

The= bulb - should;lb shou be operated --as follows:''
k

_ .
'49--i'buili:2:0V4 6V:ha.* 'What %are the ipeCifiCatimis,

SiCoild.!Curreiii'path?-
.

--..10*to-.size--,and-'toierances-of:_ret-iitcirS

-available- be =necessary to-Measure tonne

tit; ,e find One- CleSett Value -needed'.

:Procedure:

IO ,part of-,this -Segue:160i-, designed_ a

-ti74-40 the Resistor k1)--eAtialied,.11094 of

is th'r'oughout the

.Npviv-witll.lotir -Power: supply .set at- 6:3V-,

-detign7-,and,cohheet A _Cireuit that will allow -the_

'bii*to:_operite;:ai before,:aCCOrdinuto specifi=-

;CatiOhi giVeh-; ThiS will involve -the use of

,a0ther, reSittdr; R-d(Dropping -Resistor)..

\--diyen_a-SeCond bulb, a -#47 With the specifi-

- °cations; listed below; connect it:to your circuit

noting :effect: :Measure ib nd-is. Have -yOu-Lp-

ratio?- Redetigh your circuit

ao:_sa'tisfy' =this requirement.

=#47 =bUlb: 6.3V, 150 mar

preiedUte:'(Part IV)

with-your supply set at 28V,"redeSign

_YOur,' circuit, to alloW bulbs to function as before,

ratio..

.DO-;y-ait;have- to make any major adjustments

:fifir-y_Our:Ofeylojitly connected circuits. If so,

what change-S?-

:Prikedtire: -(Part- -V)

*-DeSig#=a-iid---connect,a circuit that will allow

for,propei = operation of (the three bulbs provided,

and power supply set at 50V.

#49 -.bulb : '2. OV, 60 ma

#47- bulb : 6.3V, 150-ma -_,

'#313: bulb: 28V, 170 lai!

EXpc/ti.m&t "6

Mote!! to Ihstkacton

I. The Problein:. Identification of -alit voltages.

and- currents ;is -resistive-4network.,

-t4eaSureffientS.-

Minimui number-of-measurements necessary:

IdentificatiOn'dfe Nodes:.

II. -New=tertainology--EnCountgied:

Nodes ,(primary, an secondary),

-/II. siti444i,BacicgrOund-Required:;

.0se,eof-,bistruifients:' Voltmeter',

-oiCilloSCOpei,anlmeter.

DOUble-SUbsCriPtAiOtAtien-.

.knovaledge -6f.:Kirehh-off I s
_ _

IV. defieral_14ofeS:

Primary_ nodes are junctions_ frOm-whieh,

there. are -three or,- more -brantheS; A Secondary

node is .a- junction. between= two ?100611.4 inSthe
_

same=branch.

There -are twenty :Voltages to

the circuit of Pig; el-. Identification, oflOut:

voltages will :permit-calculation of, the:? reinaih-

ing sixteen. (10-by circuit,-the

Minimum numbe. of .voltages that need to:be-

Icnowil is-one- iess- than the 'number of nodes:

With this kind -of wOik,-40he in the-'1ab,

oratory, the student should master Kirchhoff's

voltage law and Come to, a- better appreciation;

of- ,reference Theexperiment- -Should:

encourage the use of mathematics -since the-stu.;

deht may _prefer to measure 'fourvoltages -and=

ca4cuiate sixteen voltages -rather than _measUre

All twenty of them. The calculated - values are

much faster to 'do.

Fon .the _Student

The Problem: Identifying aLe voltages in- the

resistive circuit, Fig. 1

BackgroUnd necessary: Use of instruments,

voltmeter, oscilloscope

Double subscript notation.

Knowledge of Kirchhoff's Voltage Law,

111
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~:"'1Procedure:; ,(Part I)

CohstrUct the-Circuit -Of 'Pig: 1; observing.

p10:414caied::01tage .pOiaritiO, and setting el

:and, e2 AO,npprokimate_ the iridicated-veltiges'.

1416wthat the circuit has :beeh. cons truCtid,

you:haVethelirobleM-.to- identify (by measure=

merits- Or: by-caiCulatiohs) 44.6E .the'voltages

in =the, Before thakihgf_ahy- measurements

or cal cUlai iOnS ; -write- down (using doub le.: sub-

SOript,hOiation, such ,4g_ y23-,:vp etc) all of

thepOSsible voltages. DO not' use numbers for. _

_-tiiesi-lioitagei_-itS Yet.

-haVe, done_ thig-, discuss :procedures
might -identify the4iuMeridai values

of the= voltages, When_ yOU,-,are_SitiSfied ask,-

-theziristruCtor-fdi -Part' II" of this a periment,-

:where-- youwill' receive ,=Some,speCifiCl.gUidaride,

-0404 "have already; decided: on the

= guidance- needed:

I

Fig. 1

Procedure:. (Part II)

_ 'TO*Sist you in finding, all of the voltages

lin,the;pircOit; you May wish to use the chart.

It4ch *are; except thoge on the

_diagoria4, -din.be Used to identify- a:partidular

The square in row 1,. column 3 -shall

kBentifY -thi-io itage -v13. For each square, the

,subSdriptS _Are in the _order of Aoxi-caumn.

"Fill:iii- all of the squares; except the

_diagonal. :MeaSure if you wish, or in -some cases

"yOuniIY*efer. tolc9culate:

How Mahy measurements are actually necessary

-if you -would use KVL wherever possible? DoeS it

_make'ariy difference where these minimum number

112

of -measurements- are - made? Is there -,one 'Set
--"-~=--;------'

.

.of miniinu6=menSureillentS- more convenient :than=

-another:.
.

/

3

4
ti

t

Procedure: -(Part

:Replace either; lot both d =c sources',of = the

circuit: with time - varying. kunctions,

-oidak; POlseS; ramps- iS _YOU,

_Using- the- oscilloscope -for making ::heceSi irk

meaSur eMehts ; = arriVe -at_ a prOcedure for iideht

ail of the voltages. Thetecl1.44Ue_Of

using =the- Seepe with tirfie-;varying-,0110tichiS;
_

. .

is the-important problem here.,,,it

necessart to determine all OE, the Triurilerkdat_

values -for the vpltages. pike you decide -what.

voltages_ to measure, and, how- to -measure-.#10-;_

the remaillingt_yoltages-are- best &he-IV-cal=

culatiOn.

Expetimea:7

-Neta toilmtuctot

I. The problet: DeterMination of iheiieniu'i

Equivalent Circuit in the labPratery for.

any resistive" ,Network.

A) Verifying Theveriin'S Theory.

B)- Application to anytesistive : network:

Terminology Encountered:

eVenin's Theorem
with

Tileveni zing R
Ant



,_- , ,
---.III:.:StudentiBackgrouneRequired:

'fi ±obleiasolving baCRgrodnd-,uSing Thevenin's

'111fearem-:

;Although, this is a 'heavily stnietured yer-
ification-AYPe-,eicPeriment --it was designed;,_

through : to give

Students-qholg4t into TheVehini.S.-Theofeth -and)

lio'ii!y-to-_,.employ=-itieffectively-7in- solving= labors-

tory:Problems this-, technique,- aut.** -studentS

tr5,--finci:thiveiiints2EgtiiValent in the,lab _for :a.
network` without "doing any CalcdlationS:

'Fin--.the: Star:Wit-

-_lietermination. OftheVenin's
slant Circuit: in, the .libolit#Y -for fany-
resistiVe- network.-

NeWfTerninoligY--EnCOUnterid:
theVenin!i- Theorem

.
-..- =Procedure:

-"idatinect- -the. eirtUi Of \Fig. 1 with_ - the,.vaities
:

-v-
o

Re:ROI:re:it"- from -the Circuit indideisure-4
v;s, Which we.-will: vth._

with

Place a potentiometer in _plade--of and;

-adjiiSt-unti1 -t; now --eqtialS '.v,th

. -After potentiometer is set;, dO..net,-Chariga
Setting:, We -this value- OfreSiStance

.

R.tat'.
NOW.- set: up the circuit of Fig.. 2 .iiiing7the-

foUnd- andlaeaSkire-Vo._

.How, does thiS..yalue,nf'Vo :coMpare with vQ_

measured_ in.-14-:firSt--,Step--Of_thi.s sequence?_

-doimeent-or -generalise:
Why- was-, Frc;t set so- `now ."411 4_

-2

,'F-CkOgY-e' ilCtwO-ki; (4' yb!Atr'-6Wn;

choosing; 'keeping - al resistors, in the -40ite,of.
1K to- 49k and all-so ttcet,Under 20V. Select -'two:

terminals (;1')- and (4)-.7ai?odt-Wilio .to reduce the

circuit'. °Follow the -preceding_oroCe-ClUre:. _

)

Fig.

dircuitt for Eiperiment 7

113
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'P404-010;- 8;

Ncitea,-tofinti.i/w.C.t.oit.'

-,ItitroduCtiom Of Superposition
.

:chaore:M...in. -.the ._

Sfuclene-backgrOUndrequired:

,:KVL

. Law

$'-FPF,P

Use =of Dual ;Oscillator

Series Circuits

i'aiallel Circuits

'Source=

-Iii.,-ReW;_terMinOiOgy-OriCO-Unterea'

-Superimposed.

.stioetposi ti .th Orem

:AttenUited.

c. :'0Oneiii=NoteS-1

---114S-,-:eXperitheiit7-ShOuld-be-tiioct'befOre--the

._stUdentHiS:_ eXPOSe-d-4O .thersOperpositiervileOrem

7in-the=.d1asSFOOM.,_ im:getting-- Started An-the ex-

periment, fortunate"--enoUgh

.adjust-tWci-r---C:SOurCe then-,the-a-c source,
theorem (he:- doeSit knOW -it .by

name )--MiyAlit-ihim-_right betWeen the eyes, 'since

-he=hicLto,'adjUst the tWO-.SoUrces one at -o.

then-4)640W: that the.d-c4 level Of--w2
is attenuated, :inieiiptc0--that this is,- true-

-be-CM-Use-Of circuit, measure
-4,-=,,iioLtS-; ;and_ &Aleut-ate-4 -_volts. Then =while he

adjuSts the-_-a4c ,soUrCe hem* agaiii do the -same

line o£ reasoning_(obseive, interpret_, measure,`
;daleulate)!4Or-itie-iiriellave an&-further obseiVe'
that-thel,4tenuited- sine, wive is- 4Upehimpoied:

,:Ori-theMitefinateci-,d,c level-. If he deleSn't make
iheie--Observiiions, etd4:_ask -start over. .

agOinfwitht-both:soUrees iset at -zero
_

, .
_More' carefully

,viiiite.---the LS-adjusting the -sources. If he still
Aii,tiiii;ple=+,teil and Shpt.:

thoSe-that-odjuSt the a-c source first,
..4i14-flon!,t,:get the point because the attenuated

is -not visualized as the average of the
';attendated--Sine wave, _then suggest they start over

114-

again adjusting- the-d-c source
Give them time to -get- -the J* cicinei;pienticleir

they: don' t -ket iMpitient Or-Confused: The
tiMe_.-reqUired-,to_., do it 'themselves--might,be worth

it.. Maybe ,!'patience" needs .to oe taught'-4,
something --worthwhile?

For *pie -that finish early; be prepared
to ..suggest-other .dircuiti4with-,the two
different .p1acei in_ a:.circuit._

Felt- .the--itudent

The Problem :. .Determining t'OpOr0 'et of

circuit-With-:more'.than one
source: v

Procedure Connect -th-e-dircnit'beiOW,USing

_yoUr,,,oSeillator-Mnd ciurce te stimulate
-e, .0b-seve:tioth

a. o
two sources to= satisfy el/ -cOn4o4--,find-4,

preeedUre, different than any that = has -been-
presented in-,Class, fo-r for '5 ail`cii4tiog:

-and interpreting'

= 6 + 12 sin wr,

What is contribution -of the oscillator
to v2?

'What is
to v2?

2

the contribution of the -M:- source



SINGLE-TIME-ZONSTANt'CIRCUITS (clAcuqs

40ziar104::

11,16,titijot_of Singe=14me=tOna.-4it-TSTC).

is)a-'-study.and,analysis.-of.C.Mfid-R-E,

circuits that"hiVe'one, and' only .one, equivalent
-,ca paditance,,in,the-A7C-Circuita-ah&onlone.

AfilUiValent:induciance in'the R,L,citcuitts:

limiticiiii;theleciUations_for.sucb.citCuita, are

*roin_lthe

.zertOtpo4:standpoint,_stiCh.Circuitahaye-onei

;They. Will-have,nomare-than

one ier`o

_
\\

:Akloit'CONCE#t§,- '\

-Eyert'STC..circUit,,,exhibita-in;e4fifiential

ieSpOnscAd,inzapplied-yOltage:thatAs

-lunctionor aE.rapp:fOction.,Ibm.Soiutiofi Of-

-SUCh-reirafiitafaiiplY inAdentifiCation-

lfe.the,threm_significant_qUantities ME-16,eaPp-

-Aentialsthe-timirconatafit;,-theAlSYMpto4Cal

jhalUeittOhi_-_OilialyalUe,ffiteichjOsSible

:ek06fiefiriii,mtiiii"nuinithe-reaponSm.

. "
40ofise,of4yet'y'STC"circuit'is..also:SifiuSOidal-\

in4er.-Steidprstate conditions. -lbe.oUtiut-VOit-

iii-With%teapect46-the knOut_VUltagei,m4

iktOit-la-shift%in,phaie and..0,1essek Magnitude,

-- never -=a, larger.`- The -current =a4_

%'- _where in _an- ST'C>circuit.may exhibit ?a _shift`in

Thaae-iiiiihreSpeCt-tmthe-appiiedvaitige,

-fiheISTe circuits Cifinnt,ukine, neither

)can-they%be -uSed"im.produce-"Nulis" ormTuning"

ifieCtS..

SE 0a0640i0Ei_
Upon satisfactory completion-of:theltubjeCt

-af-SkCacU46,-the student will. have the abi 1=

icYT0i=

a. jteCagnize.those circuits containing resis-

tancei_afid capacitances (or inductances)

-rb-at_ire,Single-time -conatant circuits.:

,Aolyo_stt circuits when the applied volt-

-

age is_a-,step undtiOni,or a'ramO.EUfictiofi,

or a. sinusoidal tanCtiofi.

c. betetalineTthe tiam,donitant.of an-Sit-CO,"

Cuit-with:eaie

-d. OeierMine,thi.k; d-d
e

. te' e114eq
411

q q1 at:

Set-of terainaIsi*.the,tiiCiiitUaing;

:known -technkqueS,,for

KnoW'when-inlerpOnentiafekiats;-to detei-

Mine

and"etifie-Consfant;--insIto-piot,ali-exp-0=;-

;nentia*in-theit Otoppi*Me.--ielatiOnshipi_

-tfi=the-aPpliedNfilitaget;

f. .Make-necessary' calCulitions:When.arkexpor

.nentialtdoei_nOt:havertiMeip*MOletei

compie,cfiuMbeis to-eValUate

cditS,with sinusoidal sources.

h. ,Ondits_tafidthe;-iechni0e. Of analysis-using

:Determine-andTiCt theefrequincyreSponst

of =STC circuits:

firrilatesitiugoidaltei0ofiie,With'eapfi,-

re40fiii.

betermine-,p0Wer and,efieigy-ifi_tTd circuits

and to-Understind-iheir concepts:

I. Kficw=the.phySiCal',proPerties, types .and=

*.esttucture-of.Capacitors ;Ad inducCork,

C

8.

)

k.

PRERWIS

''In=addl#on to a:working:knowledge.fif

trigonometry,an 'algebra through complex.fium,

bets_,andexpdfieht 14functionS-, the'student

needs the- basic -cone is of,differentialafid,

integral caidulUt, -co,pleie-Courses in these'

two sUbjects-are not a pi.. requisite to-the,

subject cif,$TC circuits.

PriMarily the'student nee s.to underitana'

the derivative as a-slope of a f ction and-

the integral as an-area. These concepts -,of.

slope and area will be_re-enforced in\the_-_STC

circuits.



a

Although- the ube 66-the_S-opera tor is rec.
_ootmended", for--a: stkidy.-Of-STC .formal.

-academic baaicgroutid. in -.the.,knoWledgle of' LaInade

transfornii :is.- riot , and; CantiOt be %Considered, as
1

prereqiiisite,:for -St circuits: A ..fe fMal knoi,fr

ledge- of3aPlaCe 'transforms may become pre=

ALGEBRA ,$ siRid..-

.INTRO: TO CALCULUS=

;

'proPertieSxof Indtictinde-iiidldapacitance
Storage-=of -energy_ in--Tagnetit:anct-electrical
fields .

,.fjegiftif9::E4mcitiok6 'for inductance and

capacitance-'(Class Introduction .atid'-Study)-

requisite- for -the analysis- Of ,getieral ietwerki'.
-which become more. involiied-thah =Circuits

stiicted,;to -the- s,ifigle-t hie-constant: area.
a The -flow Chart, -presentethhere, illustrat-
'" es the-position of -Sit Circuits' ilt=a- ctirriO- '

ulum.- lative to- other -key--subjectii.

RCO ITS

\

0;41*.timt,coNsTANt,cniculT8,

INTRO.

.Nkttaks,

=thr

dv

Ibiteriiination-of aneti
eq_ eq

A.:1* 2. Parallel

circuits with step and
rectangular inputs: -(Class Introduttioh and

A. - Input -waveforms_

General equation 3. .Ave. value
- Instantaneous values 4. Rms .Value

.

13; ,otitput.,responie (Lab Introduction_ and_Study)
:kiciPe_ities of the exponential

a., ze;
itk

:initial value
. 'Asymptotical 'vs ue

tine factor (x)

.

Time-XonstantS

11:7C

R-L

c. -e-tc
General equation: for circuit
exponential response (ClaSS -IntroduC=-,

PULSE Tkoriics

oeriVe Uniti;

tion. and -Study)

a: = =(E e
ct4 0

b. a67 (1,a6 =I 6). -e: is

Determination of 'g
o

And- Eas when ex-

ponentialS;do not-complete (Class Intro=
duction and,StudY)

. Rroblent _solving and application (ClaSS
Support)
.f. Significance S S time conSialitS, and

Eag
2. Reduction of circuits to- single

Reg.
with Ceq for any Set'Of
terminals:
a. Application of Thevenin's Thee-refit__

b. Superpositi-ori Theorem

3. Findfng the three significant- values
a. Asymptotic



-c. t meitonstant-.

III ., and-, Ht.I.-,circuitS-_ With_ sinusoidal _inputs

_ .
1,: -Gene-ial- 'equation

initantanious quantities-

4 ithie-vaide-

"IntiodUatiOn--te_riatiances

Impedance* .

,!Applyation.OECoeipiexaigebta-(claiireem-

-§*Yi-Ia600)_
.j. operator,

l'..=-Reatanguiaf,notatio-n

..-polter-no440

. 'Conversion-

Mathematical'- manipulations -using

eliettrohicik-quantities

a.- -Addition,

_16. 4btractiOn-,

c. AtiltiOlkeigah.

-COmPle)(...tenjogiti

ph4g of, 4 4grim,

0---Anal)iSii-bklocus:PlotijClasS-introdtiCtiOnj%_

1.

2! erieS-tircdits

S. 'Parallel circuits.

IV. Differentiator and Integrator Circuits

(Ciassroomjniroduction and Study)-

-v Not -true differifitial-Or integral

'6; Approximation

C. pouts (Lo_support)

2,, Sinusoid .-

PaMp

Y. peUti diOsipatian-44,singletirer-canStunv

circuits ccl4s*iii4 Lab - Support)-

-ii*44000-
Average=

-True?,power-vs-appareut-,p6wer,

DefinitiOU,Of'Vais

2. -Heat-diSiipated---_ener6i:
_

PecibeIS-(40),

Duti--4)tleln4Olsettgins_

44eiswreMent'

*sIutiomot-prOblei-CifaultS-fOr-Voltagei,

.and Cur-rentiAtiaiSiO0--Siudyj

11Writing:equationi,

3.. -Applitation_o6bisor,-Alagram_

Bode_or.7,.4ner-plOtt-_ (Lab - Support)

114iisfer-fUndtiof!,4quatienS-

----2'- Hand4jCornii.--itaqtienCieS)-

-a._-Hal-f4posierpoint-

lr:- ,

Nelti a ratio

,
taltOlAtion-of fi and f

2
(Classroom

Stud

_Graphual representation

a:_ -Semi -log scaling
OttaVe f, decade

sjiMptotes.

1i7

.

,Maximum -Pewer,

Conjugate -relationship

between-!-Z- and -t- =
La

indUttOrS-indhCapacitOs (Labori.tOr)i)-

Ohysical:COnStruttion

B. -TYPO=

C. 14tingS

D. .t.todelS.-Sor-each..

f. -. Q

GENERAL GNIVELINE.§-
. :

:1116informaiien.and suggestions of iheSe-
.

Genoia Gu.i.detinetvare presented to .emphasize

the-major-concepts and -the importance of topic

sequencing in the subject of STC Circuits.

Specific suggestions applicable to:classroOm

instruction and to labOratory instruction

-follow thete general guidelines. /



Three italot-A4t4ione.iligtC Cihatit.4

study_ of STC-CA,cait4-has three -major

divisions. .

Part__I: Concepts of-inductanceand

capacitance.

Exponential- responses of STC .cir.z

cuitS withvoltage:sources that

are,a;e0,,itainpa, Oupe,s, and
:-

-rectanOlay-waveforms.

'Part-III: Seady-stateSinuSeidal-responses-

to sinusoidal sources,

The=three-pai4i-areistated in the fee*.

*40,4;0er-ice- of Study:
.

_'staitt'4iihtDe6i;n4Kg-_-0/449N4

lhe four d fining.equatiOng,two-fOr in-'

-duetanCe,andlw .for-Capacitanee, are presented=

lathethpicai outline ak one ,of the topics ,to-

-be- presented- ,,Studied-_very early-in-the sub-

leet*,STC-c reutts .

The cone pt-of-indactance,_O the concept

.*_Capaeitan , is=preSented-as_a-prtiportiOnality

peter-in-t Seequationi_whereltimeiS one -of

theliaramete

.:.earlyz-studi-e?

S, emphasized -in these

ithat:the-preportionalitk-factor-of-

j**It10-*- iStS-Wheneverjhe-Vdltageacrois.

an-,olemerit-'s-dirOdily,propordanal tethetime-
,-,-

rate-of-Cild geof current in thit-eleMent: The

quantity,efCapaCktance exists whenever the cu=

rent2in.anielement 'is_` .directly pr$poitional to
_-theti4;rate=of-change_of-the'voltage-adrIS

the element. ,
.

Tah-iitg.0(duntlage oe Student'. Beekpound

The teaching of STC circuits should take-

adVintageofthe-Student'sbaekground gained_ in 0

Ajieire460_Slibjectof Resigai'cincuita. These
. . .

,achiantage-saS they apply to the-learning of STC

:Circuits-:are -as follows:

a,_vtheudent is equation oriented and_

`-feelehMfortabie with equationi:for defined
-P

waveforms as well as instantaneous voltages

allow for-the-omissionef the traditional_

-battery and-switch approachte-satisfy the'

students,--cufioSity-regaidings,_Siei'in=`

-put. This-_allOws_for immediate iiseof a

rectanguJA- inputrwaVefor0.-. :

The-student is. -able to reducexeSistiVe.

portions, of STC circuitstteegaivaleni

.Models..

Seqtienang_ cOlatetiti.4
The sequencing of-materials-intfC-circuitS

t

is-based on the-premise that the-student-can,'
4

-better -himSeitAn.regard.Othe appreO,

ation,-and-,UnderStandingrof indOttanci-44.

-capacitance-aS_wall-aStheireffect.Ota.'cir7

cuit_if the R.4-and_ R=ecirVaits are firSt, _

apprOached\with.a.rectangularinlmit,

At.firSt-the.stadent is encouraged, to

study the response-of

is,asked=to-calcuiate-this reSpense,

Since the_exponeptiaUs_alWayi4n-is

in the response of_st!ch/a circuit with. -the-
rectangular inptit,-..theiStadeat_can'best under-

. .

:Stand what effects-Capaci,
i -

-- . ,._
_,

tancehave on the circuit if-he varies thei_,

circuit - arameters.,
-

'If t e sinusoidal input Were:used,to-in.
\

trOduce_these -cirebits, the-studeni:would,find-

it difficult to appreciate-the change that

takes place in terMs.of-both, amplitude-and

-tiine.

.

Wing the. Labcolatony_Enanoment_to-iVit
.Adiuntage

.

The laboratory environment is tiSedextemz

sively in this series of,topies-te.040dade

major concepts'because, mentioned,ahove-

both.amplitude nd time. are now variables',
.

which is not th casein resistive

The student has,the.backgroand

strumentation-capability necessary for ob=

s erving, interpreting, mwsuring and-Calculay.;
, :

and .earients. ing the significant 'quantities invo yeti', Which

b. The-studint is aware of graphical well
. .

di= Mithematidal solutions:
,

_ . The_waveforms studied in re tive circuits

enhances and expedites.his study -of gingle-

118

time - constant circuits.

The laboratory sequence does not begin with



ttle,--miasurement_ of inductoriand_c4pacitOrs-

_,Oriisi.ily_licauSe it -islmere imiditant:that the-

:- student:understand the response,of circuit

cauSe&WinduCtanee-and:capa,.tance.

-ThephySiCai.oropertles-and the chaticteris-.

capCi tors. .4re -resoived

for StUdy,Otar the end- of -tite subject, of STC.

CO.Ci4its, is,.an'atteipt -to- giye. the, itUdent*

:a clear_ inSight into the effect oe:induCtance and

CaPaCitante,:,in-illy- Circuit, -00--alio,t0,,giyi him

the priCticil trientation,needed.-befo *lying

phySicS: of, -these devices.

Ihe'ilWA/4n4011-Theyen4i4 Theo/Lem,

_ _Nos c',-04!"nor all, STc Cii cui - can - be cfe.;.

;duce0e,a,siiiple-series-eyeuit,:bt applking:

iheVfninlq: iheerem-te, the -risiStiye circuit

This 'PreCetilre= removes

the ,,need, ,for,deriVing- the7-resOonse for eaCh.:and

,i7,00-4TC-.cirduitiftsince,the_,:neest_deki*ions

- series wilh have heen-dene-lrevi-

7 Iii:*4aitiOnli_ ,equivalent series circuit,

will -- reveal. information- as t o aitenuSti06-- &eters

'i40-700st#4- YOuei.

.-.0.F4-40144#100cj*t--

-.409q444,14400e4,Beioci-S-4:nu,so2.d44=s4.004ti
, .

-The,,topical:outtine, and, preceding

of these ,Gentaitt that -STC

circ4itt sheul&be st!i4i0=14ittl step ih4.4ip

:*-oltages:a0Olied,".-hefore circuits -are studied -

Siniiiqidal*OurceS.

Going directly to.a study of- capacitive.

anct-/indUCtive.-CirCUits.with_-tinUioidal sources -is

-,discoUraged _ circus ts., hai,e exOene..tia 1 .

TOP0.0*-t9*-i04141,0s- Any linear

tive-and/ori;IduciiVe circuit ho Matter-how

manY:t!***S-i.Will.have a sinusoidal response

0a*ihilsOiaii-,SOUrcO,urnder steady-state
5

:-'

,

with.- sinusoidal

sources- iyitart ed, there:is-no logical-place to

-discontinue 0r,inierrOpt suchlitudies. A study

of-circuits. ith_exponentiar isponses,is esSen=j

.ti414t-completed ,with SIC-circuitt. Multiple

1 a,

;, 14'1.

4

time- constant circuits -do not have an- exponential

response to step and ramv timed ons .

Circuit*inilyiis under sinusoidal_ steady=

state conditions-requires working:nowiedge

of coMplevnumbeit ana'the j.,:operater. The'

-need".-for-i -knowledge o topic:in_ mathe=

maiicS -.is. delayed if exponential- respodsei.:are%

studied ahead- of sinusoidal responses.

An -rimPeriant-Concepi_0 circuit analyiis

may," -becomM,,poredifficUlt.:to Master, if :_00t

lost, Completely, if exPenential-respOnSeS- dO

-not _pieftde.sinusoidal -- responses. This- Concept:

ime-denstiniV4,-which are -.the.

significant, quantities Or any driving -

function:' recognized .thit con-

cepi of '-CapaCitive reattanCe,'.4"=inductive

reactance-.(h4Ying the .0pitSOt ohms) is40i-

cable- only for:sitiuSeidal steady=iiite- condi=
.

tie*.
, .

46-.01-#!070120,0404" ;

-Al th the: =operator reterenc
.

LiPlace t r4n* forms its ,44.t_ii:renapOr#104'. eyem

:though; the 'student, will- hot: haYe a .formal, back-

ground, in thi. -topi0 of :Likaci- trans ferais 1st

4

the time when- the.,,subject is . Offete4.

in thefinriieui4i,

. The -operator" 'is needed, fOi

thepurOOSe, of deriYing" the_ response of an sfc-

-circuit. be done -in- One- or two :ieCtUre

ieriods . -table -of: transforM*.wl reveal.:

whether- the :circuit- restiOnse is, 4n, exponent

or -.m.sinusoidal funetion- the.orobles=solYint

portion is the more time-470041g: Thy tech

pique involves going directly knout

response- to identity, the exponential, when- it

exists, -or -the sinusoid when it exists.
lk

CLASSROOM OIDEL1NES

The information and suggestions presented,

in these aahsuom guidetine& are directed

specifically to the activities of the ClaSSioein.

Any references to laboratbry activities are

mated- for the purposeef_emphisizing7that

certain concepts are more easily learned in the

119
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.latioratory-,th-an in the classroom.

J/40444,OVInduetanee and-Sapacitanee-

Ant.the.Piededing study of resistive circuits
, . -1.

,we,Weieladed*ith-getting started in the study:

46beganlY:COnsidering,the phytict

atyi,lea inginto.,a definition of voltage-as a

4f00'#a",,diI#Ont,et.a rate'of ttalisfet'Of-

4atgej.etUit*nOtom,the,appliaation of the
,

iforde:, Ilhesedefinitions, although-rather-simple

iinded;:ledYUS-to,the'position,where-we are able
. , ,.. , ,

,iii;det.n&O..6-istanee ms the:Aatio-between vottage

anal 'aiihA: int-,. =Prey iiieci._-,thiS ratio, is not a1.0

ePen .11 --9P-. _
time: , . , A. =

.'-.3' .,,ikevAtei,thioUgh i-stuaY:ofiingieztime-
- 0 + 1

4:6 1 i i t 4- i ft : 4 i ct 4 :0 :34' c*-aefilie- inductance;, as
' i.;i e 1 ii40:--,,Cap'_aCitkn-Ce i in terms o E-_\i1Oit a_ g 0 and. ._,

Ciiir*rits4.q.th. tine. !_a-_,;nird,,de'Onclyit.- Eactor:
. ,, . -... _,.' . jhel-definingeqUatiOns,,Whiah_.

ati-expressions of

.4iEfeienilai%CdieulUs and integral CalCuiut, '

... .46e important point being made here-is

. .

which is derived from the defining equations

for capacitance. Thus,

C

1 .
v-c f.cdt

-c tdQ

C.

. '

.

Similarily,from the second 'form of the defining_

equation the same result is obtained. jhut,

dv
dt

t dv,c

dt "dt

Q zi,CV

400laZnOtAitavoided_evemin these early studies.

This -mays be" the student's -first exposure to in-

-Okra*_74Xpressions-but'he will already.onderstand

"e=dOnCept- of -a derivative fromtesistive

.,duit4,-where-he,determined resistance as a atope

9,O,air-loit=ippere7graph. Now, for inductance

YincrtaPacitanee, deft:iv:aim with aespeet .to

timi-a/cLheeded.

;The.lahOratory can be used to great advan-

tage, lin-thete early studies of the course, to

lailv_an---understanding,-of the properties of in-

Auctineeina'capacitance, where it can be Ob-

!'Setved'ilfat--it takes time for a capacitor to

Chaige-An:in,R,C series circuit where a step

voltage pis applied and that -it talzes.t4me for a

current to change in an R-L series circuit when
...

alstep___VOltage is applied. There are a number

of laboratory approaches to this Problem, but

in any case the earl.), emphasis should be on the
.o

_impOrtance of time. The exact analysis and cir-

cuit calculations can come a little later.

What_about.the charge,
\

Students need to know the relgionship of

C

tj

120

that the defining. equations, in the differential

or integral form, represent the starting

equati on s for all derivationvinvolving-candc-

itance or inductince This approach leids

more quickly with more satisfaction to the

student to the important activity°of the course,-

which is to analyze the respOnse of S C cir- '

. .

Cuits to different driving fundtions -Spend -.

ing more than just a very littrefti e on the

physics of capacitors and inductor at-this

time, especially in the classroom/ is strongly.

discouraged. The physics concep s.are more

appropriately done later in the /course or per-

haps in a physics. course.
/

-

Senies,and Panattet Equivatenee 6o/r. C's and L's
1 .

The defining equation for C's and L's ,

provide a convenient means!for derivation of

C
eq'

or L
eq'

for series and parallel combinations.
I

.

With twp, or moreC'sii series we write,

i

es Ycl '' vc/ +
v
cn

I,

then by substitution og defining equation for

each capacitance we hate,



f'idt +

1, 2
11

1
fidt

Cn

.Conieipiently,:by, collecting coefficients

t
A

of
/ = -1- fvdt

L
eq

_

--) fidt = fidt
.4

C
n

C
eq

oiling similar sequence/of equations

wouldbe -AlSed:-for L's in series except for the

,needof. using-the-differential form rather than

-,-the:iniegrOlTforM of the defining-equations:

-iii ;'series

.

6. ,v-+ v- +.
2

-e4 dt

+v

L di
-n-dt

di
+Ln)

isioticei-fei the series combinations that

the equations are written using Kirchhoff's

voltage law For parallel combination's we need/

ta-startwith'-iirchhoff's current law. Thus for

C's in parallel, we would find C
eq

through the

401-lowing:sequenee.of equations,

t + +
s- 1- 2

- dn

"

,= C ---+ C +
1 dt 2 dt

c2 +

n

dv

s'n dt

dv

n dt

dv
= C

eg dt

For-inductances in parallel we have

following sequende of equations to find

L5 =-i + + + i
31 , 2

1 ,1
= + fvdt +
*. L

- 2

the

La ,

1
+

n

fvdt

fvdt

Exponential. Reapoh4C4 o6 STC CiACuitA
.

Up to this point we have been gettinurea4

to handle STC circuits. There may,beother-.

introductory kinds of material lailing up. to

this point that the InSttuctor may wish to.

include. ,

Of the,major concepts to be included

in- this course is that an'STC-circuit. will re.-=.

spond to a step,.reatangblar, or ramp-inpUt

in the-form of in-;expenential. Therefere,,

the student must be familiar with expenatialS.

It may belleSitable\in=SOie cases to approach

the exponential froma_matheMatiCaiiagis.

However, in order to handle the ptobleMS eh,

countered; the student must be able te_analYie

an exponential response; including the idaii=

fication bf initial Values, asymptotic value,

and time!donStantg,'as well as to use these

values in the general equation for voltage ei

current-in a STC Circuit. Of major.importanCe

here is the realization that initial values .

of current or voltage when the source steps .are.i

a resUlt,of conditions in the circuit just

before the source stepped.

. Approaching this problem from the aspect

of one time-constant yielding 63% of asymptotic

value may provide qualitative insight for _under-

standing 110K the circuit performs;' but it is

not engineering technology level ..of performance.

The graduate froM this type of program must be

competent in working with the actual exponential

equations involved.

Following these considerations-the general-

technique for solving these problems i develop-

ed and the student should solve a number of

theseproblems at this time. In order--to fully

understand these circuits, several cycles of

operation must be plotted, emphasizing that the



original-quantity is a result oç what has happen-

..e&before:'

The -sequence of, classroom Jictivities for

',thit:tePicwilI relate cIosely o the laboratory
1

detiyitiet-as presented more s ecifically in the

i4b6101.01iT;duicietines-. /

/

o4a1 ke4ponae q6 STC CL cuit4
/

ilae-mathematical-basis'o which this,topic

.it:-.buiIt.it,-coMplex algebra. It is assuMed at

ti:iispoint-ihat the student has Coveredlthe
,..., ,..-,....

,operator-inkhis-Study of mithematics:so the
. /

-tiedfiOnt-Okfrlii'material is from.an4application

ihatiteittances are appropriately gandled as
.: .

jo*and..T.'With-Writing.-impedinte R plus
.

thee reactances (Rectangular Form) ApirOach-

;_ -- ilig,iMPedinCe,oalcUlafiont=at the Aqadit toot

-4:44m-4,444diteb.should be avoided if the stu-

dent-it ici-='diVeiop an understanding of STC
::. --- .(paitS-tWitOtinUtoidal'inputs.

Illit-,toptc lends itself well to application
.-.,

S=jw.of_the:"erator", where S is
/

defined as S

If thit-apprOach is taken, S sicould be nothing
. _

1

nipie_than an -operator and reference to LaPlace
,.- L

. -ihatia;iiiitFWAilade-:-
i:

.At.with our study of these circuits with
,

rectangular inputs, many problems should be done.

This may be an appropriate,I.point to include a

study of mjlti-phase circu'its now that the math-

ematical-ba is has been developed.

It it'

in the te4U

corner plot

' of circuits

t -

ppropriate to include at this point

nce a study of the use of bode or

in relation to frequency response

ontaining reactance-s. Among the

, merits of inuding this topic are the following:

Having written a voltage or current equation

for the circuitile student can pow trans-

pose it into the transfer function form.

It allows student to interpret general as'

well as specisfic circuit response by putting

'actual circuit values into the equation.

c. The student is working in the frequency

domain, which will prepare him for the

following network course.

The student should be instructed to withhold

he insertion of circuit values into the transfer
4;

function/ equation until he has simplified it.

Inclusion of a consideration of locus plots

may aid in understanding frequency response of,

STC circuits and will lead to their use, in_tiet7

works:

Because the student will have frequent. en=
,

--.
coUnters with diffe rrentiator and integatOr,

. .,
_

circuits throughout his study of electronicti' .

they should be covered and this is the natural

lioint in the sequence to handle them.

Studie4 U4ing,the S-OpCtztot,

On the folloWing pages there are-cFrcuitS4

equation t and_graphs presented..to illustrate

the:Lite-of the §7oPerater.ind.itt value in

'.quickly and eatilY thoWing the relationship of

an exponential response to sinusoidal retponte.

These are identified as Table I, Table,II, and

Table III. (Turn three pago).

122

TWelye,Fircuits, all series circuits, are

shown in these-tables. There are a number of

other STC circuits that can be reduced to series

circuits to 'apply the concepts presented in

the three tables.

Examination of the circuits, eqations,

response sketches, and bode plots for those

circuits treated here reveals some interesting

information. Specifically, once the charac-

teristic equation is revised, many circuit

properties can be "read" directly from the

equations and the others of importance appear

when this characteristic equation is taken

to its limits (S goes to zero and to infinity)

However, it must be pointed out that

these studies are based on several pre-deter-

mined assumptions. They are as follows:

a. No energy is stored in any circuit

elements previous to. time t = zero. In

other words, there are no initial condi_
.

tions.

b, The step function input has the magnitude

of unity

e
4

g 1 Uft)



4.

.dc. .When-the-revised equations-are taken to

'theif.limitS,the dimensions of the equa-

lions':Must-remain intact. For the equations

Of_theie-studies, they must remain dimen7

sifonleiS%

With ihese considerations firmly in mind,

ihe'f011oWing-O9tline will ,aid in ")_reading" the

revised--, characteristic equations.

A.. fhiti.41,0i4giiratIons.

'1:_tie:tiMeeenstant-for the circuit appears

-.AS-the-root of the-equation pole.

Afat_TrefiX appears in.front of the

' e0ation- there-are several possibilitieS.

Dimensionless:- This-.occurs only-When_
.ther,eqUation.centaini-a-zero [(s,+ a)]

cterniAn-the-numerator; -The absence

.nfi'4 4-,fefixreadinsprefikof'

indicates the

SdAiar for -tie-Step that.OceUrSOfi

:thenntiut_when the input Steps.

113: -0imeniion of ,(1/time):. ThiS occurs,

OnlY.:when the equation contains-no

iero term in the nUmerator. If a.

-Step is applied to the input, the

initial-slope-of the exponential on

the-output is equal to this prefix.

,B. If-no ,zere,appears in the equation.

1. The output does not-step when input steps

(assuming -no circuit changes).
,

There- is 'only one bode corner (root of

the-equation pole).

3: Prefix indicates the initial slope of the

eXponeptial.

If alzero_appeaks in equation (numerator).

1; The output will. step when input steps.

2. Outputstep magnitude determined by equa-

tion prefix (dimensiopless)

3. Root .of zero # 0 I

(a) Additional bode corner appears.

(b) w of additional corner = root of

zero.

Letting S (or w) go to infinity

1. Simplify and read )

la) Level of bode plot at high f

(b)' Magnitude of step at.output

E. Letting S (Or w) go to infinity

1. Simplify and read.

(a) Level of bode plot at

(b) Asymptotic value with step'input

F. Compare exponential response with bode plots

1. When one rises, the other falls.

2. Eo =.High frequency level.

E
as

= Low'frequency level.

Whiting S-Equa4on4 Son STC.Cincuito

Circuit equations using the S,.operator

are easier to write, with less confusion; than ,

'equatiOni using the j-operator. For-one

thing, therels less-need:to.watch--for proper.

ute of "+" and-"-" signs: Students adjuit to

the-aeof the S-' eritor-quite readily:

Example -1'
,

-R

For the R-C series circuit the S-equation

for the voltage across the capac tance is,

J.

I SC
v
o(s),

E
(s

)4
R + 1

SC

where it must b,understood that v
o(s)

\7d

E are undefined as to dimensions until the

nature of the driving function-is given or

known.
If the source is sinusoidal and steady-

State conditions are desired, then'let S=jw

and E can now represent peak values or effective

values as desired.

If frequency response is desired, thin it

becomes necessary to write the equation in the

following form,

v
o(s) 1 1

E( S + 1
RC

(Eq. 1

123
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(Eq. 2)
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The-cerPei-fiequency is found f om the 1/RC term

-_Oftfhei(S1+ I%12C)- fadtor. Th s is the "pole" of

the equation:;

,Returning- attention to E.. 2, if the source

As,as_S*;2siM1ply replace E
(s)

1/S times .

tep, go to'a t a sform table to

v is.iJundtion of tim It will be the

-exponential-response.

"Example,if

Ni

Thnie Posa.ibte Fauna oS S-Equation4

STeiCiAcuits.

'An interesting fact about S-equationst

is that one has a natural- desire to write

the equation -i a standard form, -- wbfeh

are factors of S.

There are three, and. only three, forms

that S-equatiops can have for STC

They are:

vo(s)

E(s) S+

Fer_this circuit,

1s
=
_ R

2
+

E, SC
Ri +R2

SC .

and%to-get the equation. in convenient form, we

need- to-express numerator and denominator as

factors: of S. This is done as follows:

vo s)
R2SC +.1

(R
1
+R

2
)SC +1

.(s)

1S +
R
2
C

R
1
+R

2
S + .1

(R
1
+ R

2
)C

The steps in the aboye amounted to.

multiplying numerator and denominator by SC and

then-factoring. out the coefficients of S in

both numerator and denominator.

This equation has one pole and one zero.

They are identified on a frequency plot in

'Table-II, on a previous page.

1+;

/Third Form:

ti

v S + =
o(s) 1-

E
(s)

S +

Observe that' there is always one "pole"

and perhaps ()Pe "zero" but no more. These _
.

three possibilities exist in the illustrations

of Tables I, II and III.

Recommendations on liae oS S-Opetatolt.

Each;instructor:Will need to make a,

personal decision as.:to the extent he wishes

to use,the S- operator. Remember, homelier,

tWat it does nct replace the conventional

use of j and jw. it isinsaddition to.

If the S-operator is not used, then there

is no convenient procedure of analyzing the

response of circuits for any hind o6 driving .

6unction. The association of responses' to

steps and sinusoids is-particularly important

as illustrated in three tables.

The S-equations, do point out the impor-

tance of circuit time- constants, which are
.

significant far any kind of driving function.

Without the S-operator, there can be

excessive emphasis on ohms-oli-Aeactance for

L's and C's, a term which applies only-for--

sinusoidal steloy-state.
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sTCdiRdiii,AA60RATOO

-The-aiiggested-experiments whiCh follow

*reetWel*Oor.gickipings. The-'first group_

and 'represents. A

Sequeneing*d_gropping of circuits designed_

_-to,develop4n-Understanding,,and,apprediation

,for=theeiptifiential responses. of simple ITC

circuts :that exist whin-step:yeltageS are

5 .and==6) :are=designed .to )develop, an understand-
ing.ind,appreCiationjOr-thesinuSOidat_re,

'For:lhose-4Xperiments'.having MorcihinOne

'4F40010XOtj!40?1*_iicie4'clAt
e_student .complete :;each..part .before `receiving

next.:part= of, the exPeriMenf. The-students

41i seSSiOn-4 The hOpe , here,

is'that -.the student`wi`l l' antici fate his needs.
fiii;guidance-to-Contintie-hia-stMdieS.

_

4#01*f4lk
--416.0ir:04#4144et-ox

:T444"00-014:

- Introduction to exponeniai output of

3#,WitOectangular input,

11. t4ereTetminology Encountered:
._

EXponential % _ASyMptciiiC Value

mhy. Origina4lialue:_

. FTime- Factor pfd

III.3tudefii background needed:

Resistive ci#iiiis,-use-Of acope,_,Use of

funCtion_leneratori.square-waveAgenera*,

IV.-General,otes:

In idcliiion,to,theiMein tmessage!i:of

thiasiggenctlyith STC:,- Rectangular' in='

put, , Exponential' OUtp-4).-the-itUdent

will discover thit=there*-a dUniity-

eicistingjbetWeen;R,L,ind.R,CCirdU4S:

Wi&saMe-time.-constant-. He =will find:

too, he,iffedti of-,Vitying-1,L,C; and:

.,. cin the=three,SigniiiCent-44fititieS,

-on the e*ponefit 411.. ke, will =_also find

-that:by varying,ParaMeterS-to=extremes

overCoMe_theTexponential: re-

monse._ ThiS'sequence'heginain,a:

Failler-restricted' iashiontand,is

progrese.es, it illowS the itudentmere,

and morelreedom to contr4 the lab

activities.

In Parts 1A -2 -and the:-e#Orien-

iials vary from completion in 1/5-of,

Fig.

Fig. 3 \ Fig. 4

Figures for Experiment IA:

R = 1 K, C = 6.1 fifd and L = 100 Mhy'



.
an interval to completion of _1-exponential-
in ananterial In Part 1A-4 -the-student-
is -aiioWed. to experiment ,beyond these.

:might 'well be mentioned at. this point
that theinduCtors :used are Toiids -($6.00-7.00
'ea -:):with-"extremely low values of R. ,If a sine;,
..Squarei,generater- is .used by Atudentslfor this
exPeriiienti, a *4 diode "should be used across the
generatOrtoproduce,-a,PositiVe pulse referenced

.

at_terO., ,Furtherniore, caution mnSt:be indicated
circuits 'io-Ahat =R: is

-riot taiceiv.seiciwthat it eicessivelY- -loads- the
, .

signal source....

Evaluation -of- voltages -in
c.time7constanA.-circcits-,with- step ,

..-.reCtingiilar or -ramp- input.

1A4)

1. iPreParer fer,a creative laboratory study of
"given -circuits -. Note:. For each -of- =the

;given circuits, e =- lOV SSquaie _i4ave,with

co-#:6,4:-ofm,0'.2 Ms --(calibrate. generator*

,freifuenCy-with L=100mhy,

,..."-

'Observe. -e, v fel; each of the fOl-lOwing
_(be not plot or record the wave-

thi'S time.)
_,Iiiterpre't,ve with respect to es.

_

-a._ Are there any similarities in these
waveforms?

b.. =Are there any signifidant values on.
i4ayefOrms to observe?
'yliiat'is; each vo interval -composed of?
'What happens to vo when Es steps?

Measure-and,plot each Vo, carefully noting
als1,:sigilifidant voltages and time -.uanti-

tieS.
04oceduite:, -Paht 1A72,

1. Now take..the.-two, R-C -circuits and values

given below (Same es) and obaeitve effect
of .varxing R and C as indicated on vo.
a. -C.= _0.1 of

R = 400 ohms to 2K
b. C":= 0.01 ;if

= 4K to. 20K-

129

c. C = 0.001 of _

R = 40K to 200K

2. Interpret: ,What -is the effect of
a. R?
b.' becreaing R?
c. InCreaSing-C?

Decrpasing C?

Ptocedunei_ Patt 14-4
1. Now -take the two R-L. circuits, used in,

Part A -and the ,values _given-below and
..

-observe, effect on vo of varying.R and
L as inditated. Use same es.

a: =, 100 mby
R = S000

b. L §00--rdiy-

2. Interpret: ,hrhat iS.theeffect of:
a. Increasing. R?
b. 'Decreasing R?

Increasing -:L? 1
DecreaSing: L?

You. -have observed that in- eachpart .of. the
experiment up to this point.that the output
voltage (v ). of -the-SIC circuits with- rectangu-
lar input has been composed of exponential
curies.

You also have observed the effect of
varying parameters in the circuit within'
restricted ranges.

Phgcedate: Pala:IA-4
1. Now vary parameters as before beyond=

ratigeS used earlier. Observe the effect
on exponential segments of output wave-
forms- (vo).

2. Vary period and-pulse width of es and

observb effect.
3. Replace e; with ramp input and observe

output.

It is evident at this point that a STC
circuit with rectangular input has an;_output
voltage made up of exponentials. Through

varying parameters we can change features -of

the exponential. You found that you Could

vary the initial value (beginning value),
asymptotic value (final value approached) and
the time taken to complete 'the exponential,
curve, by varying these parameters.

/7 r.



1' 4.4.:s:tO-10-.tAuttort.

Ihe.,Ffebleni: fitation- of

asymptotic and time-constant values -for

single- time- constant circuit`s.

,MeW.Termint logy -Encountered:

-E -T
as- ,c-

iiStddenttekgi:oond needed:

Introduction te STC and exponential

-IV., G eral,NOteS: 4
is - introductory sequence- introduces

-the.,s dent-to the three- quantitieS that

i41111

Th

an- exponential, and iho k ,to, Measure

_

it4.4011C

-identi on oLE . _as-Wei as

tite.-t_iii0,cons ant ,iad;:itS .measurement and

calculi `ion. I -additiohi, the time

slant. is, uavelope in the laboratory,. an

,aWroak that iS- un qUe. This tethhique

leads'; o.a. better Lun erstandilig! of the

arid-prOVI es, albasis for -

'the ,theng oral- eOuatien-

f4_,.ihiexptOeliti If -a - he-square-

ielleraioi-:isused-:by student -tor 'ihis,

eXperilileht, a IN34- diode show be -used

across;,generator to= produce A-po itive

juiSe7:referenced at zero.

As in- previous laboratory- sequences;.,

each part should be handed...out

ually and the student ihoUrd: preieat

wok beiorebeiog given successive- parts,

of the experiment.

ion .;Ae.-Stade4i

In previous studies --of iingle7tipe:COn-

stant circuits we diScoVerecr that _witeh,the,

driving fundtiOn into an STC a rectangular`

waveform, the oUtPut,is composed'- of :eiponen

tials. This:isalio- true -When; the ibput:_Voit.,7',

age is a.: raap :or ,triangUlar-waVeforin. -Consei

quehtly, T_we;-muit- be ab ie 'LtO luate;

poheatiar by .idehtifying:the. signifiCant

quantities -_ t

There are -three_S ignif iCalit quantities:

-that .ii'e .colninOniy define an OXPoile:i-

iiiese-aie _aS follows:

A. initial value= (E0, I

POint frant-,Which exponential-rbegio':-

-B. ASyMptOtic value lEas
Ias) '

Value exponential approaches: 407

completion. -'
s

C. nine -ConStantArd

MeasUre of time, exponential needs

to completes

This laboratory experiente will, eal with_
- .

these three quantities.

Fig. 1

Fig. 3
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0
The Problem: - Identify initial and symptotic

.Values as well as the time corr-
=-stantk-for. exponentials.

PnVeithn.C:;- -18- 1

rl

.

0.3i---06,giyen,circuits, graph vs and. .

measure -the final .value that exponential
.A../c;IpProaclieS. This value is..termed Eas.

pfd " and 100 mhy.

e. _.10V 'i.i_are-wave with period of ms.
s.

:Firid.7.e_-s sfor exponentials vo.

-frequency of es well
as` _redileihgs:-MaxiMuii Value of es. Measure

Eas 'for each exiioriential on

.4: -114t; oh E'as. Of does varyi-ng
these parameters have?
oos.ai;.'eXpenentials ,MeasUred, complete?

,(ReaCh:_;Eas).?

ES--tiMate'-Values: of Eas__ for-those exponen-

;ii=aiS- that:_do"_not complete.
." .---

Paoceifuiie ;Paint -

:Usinvthe-Same four circuits and values
'iir-Part_ 1A-1, 'graph V and-measure

value- for each exponential
\.

,,m,V--WaVeform, 'This value is termed E

a. What ,effect on Eo hnd,vo does varying
.

these paraineiers have?
b. -Do all exponentials in vo' begin -at_

zero?" (E., = 0)

-P4ocedui.e.: Pala. 18-3

1. Connect the- circuit below with the values
given and examine vo. R = 1K, C =

and es = 10V square wave with, perioCoft.
.2 -ms . The output va that yoU have *ekamined
is made = up oaf ,two-exponeritials.

2.. -Let -us concern ourselves with the expo-
nential (s). From your studies of mather,

;_matics you know- that this curve -can -_be

-represented as -10 e When -x

case is, equal to unity (1) the voltage
is approximately_ -Another-way, to
look at The- voltage at -this ,point is_ when

.;
the-exponential_ has. completed: 63$-_of :-

amiilitude change -from Ea, "Eas (10V'-
3;IV 7 6.-3V).

Measuie the time needed for -this voltage
tO,go from 10V to 3.7V: -Call- thiS

z

Now examine the R and-C in the circuit-.
Let us take the -product of R and C-
terms of the. units involved;

.C,, and frequency of .es as well
R X C =-01-1MSK-aS--reduaing- maximum- value of -es and meas-

E Amps
Ure,E.7foTh_ch 'exponential -v

, o

x Coulombs
Volts --s-

Fig. 1
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4

`Coulombs

=Codi nib _ = SEC
=Amps; - Sec

. -

4.

foi thia product axe seconds. TIME

taicdate -;. Tor-your_ 'circuit.

'- Compare this:_prOduct with -t1 meaaurea

earlier. 1

We-referred earlier to the point when the

:64Onent (ic)- is equal to one .(1)- in the

e4uationi. tor ,tho=exponential:being

eied. -is- now -defined 'as- . a'here foie

'lc

-the equation for = the -curve
.

now ktxpres a -

-t
tr Lue

T

,

Recall that when. t "= r the exponential
. Tc

has gone 63% of'th amplitude changeb,
.

between E
o

an- d'E
ast c.;

frbi this then, we
,

can measure the
c

an exponential.-'exponential.-'

6. Repeat Parts 1B-1 and 1B-2, measuring to

as well as 'calculating Tc and comparing

this. measured value-0 your Calduiated:



Note: tiyAitistuiaot.
`It_ ,

-.TheilierminatIcin of-vo.for single-time=

,conStant:=Ciicnits containing more than ons,

-14.4,-or7=C- 1Bectangnlarinput)

II Neer Terminology ineountered:

.:Oone..

10.7-§twent-background_needed:

'BeSis4Ve,iiiduits-; the exponential,

xespOsi;:familiarity.with-Ea;, es, Tc;

:USe;O'f,the9Ual trace - scope; use cd-the-

1).4*'4.011c

eiperIment 01 in this

SeqUence--lhe,_conCepts of.the-ex0onential

ern

'A k,

-reSponie,,Ahe three

6-1_the-,64Ohential,
A.

o-ftheSe=q4antitieS
,/ V
aSSilMed4hatAli the

defining quantities

and the identification.

were developed. jl is

clas'sroom the 4ech-

\ .

niquesof finding-C
eq

andjiell for.bOth
.

.,---
. series and parallel- configuration -have

ban developed, as well as -the general=

eqna\ icin for-an. exponential'.

The stUdent_is' now ready °to handle.

more coN mplex_STC'S and deal with feSis--
- ,

live, capacitive, and inductive-voltage

division\

The-values of.C-and R-selectedrini----,
.._

_
-this-segue cp-of dircuits-are eommofi2.and

should be vailable in--any laborltory.

situation. \
The'inductors arethe-same-

-tor-cad's used in experiMent_No. akana=
, 4
Noi iB, with extremely loW-valUevoU

-1:

. resistance.. The student shoultLbe-Warned,
;

, that -when_ e ( is,usinglnire-than- ne

inductor,_ he. shoUld_space_theM4%.o _that-
,

.doUpling-between them is-keptat a,minimuni.%
-.

The source used is a\unit pUlSe-

'generator. The repetition rates are

b / Fig. 2

C.)

Fig. .41

4 Fig. 5

4



ro

-_kept in-the audio range. A dual=trace

oscilloscope is used and the student

-ShoUldibe warned to be sure to "float"

Vier:generator and use a common tixcuit

thisAI.s'ii previous experiments in s

-.:Sequence,-each part of the experiment\ .

7...:_SheuWbe handed out individually, and, .

1

progress- -the.student's progress should be

.Cheeked-lbefo e-heis:provided with a

,fr.:"..''.,17-V . : -
--.

.successivep rts>.

0

dent

Diel.rebidi:, The- V for
-- , Lo -.

_. _,-..--

---........singfeifithe-% tant circuits

, containint=more Wan
,,

-C. -(ectangular input)

Pant 2A-1

dual-trace oscilloscope,

ASer10, v
o
, v ol' and v o2 (where

,,--- ,

cable). for-each circuit, comparing

vi; 414 vo2 in,figures 3 and 4;

= 22-Kg, C1 = .005 pf,,C2 = .002 uf,

E * ("DP! Cell),,e = Rectangular

waveform witlipeiiod-= 2 ms.

ts

"Phoeidaite: licuct 2A-2

. 1. NeasUre the three significant quantities

for each-waVefor ineryal.

2. Sketch these waveforl, indicating these

significant quantitieson your sketch.

(See bottom of first page)

Pkocedurt.v..Patt 2A-3

1. 1 Using Kirchhoff's Voltage Law, calculate

,and-sketch v1 for each circuit indicat-

ing all' significant quantities. Use 1

_,.,same time base as previous sketches. --

ftocedate: Pant 2A-4

1. What interpretationi can you make re-

garding the effect of the inclusion of

E in

2'. What

Bard

figures 1 and 2?

interpretations can you make re-

ng v
ol

and v
o2

in figures 3 and 4?

What-interpreta ions can you

garding v02 in igures.3 and

figure 4.

E)ORIMENT 28

Notea,:to InAtAucto4

make re=

vo2 . in tt.

--:

\ -,

...--1:- The Problem:
-: ,-

The determination o4 v
o

for4ingl$-time -

constant circuits CO taining'moreihan

one R, L, or C. (Rectangular. in ut):
1

II. -New-New TOminologrEncoui ntered%

..None -

Student- background needed:
\

(Same as Experiment 2,9
-I

'IV. General Notes:

134

In laboratory-experiment is,

,,sequeneetheconcepts of the-exponentiqf

response,Ithe three defining quantities

on the exponential, and theidentifiCation-
i

of these quantities were'developed. It-
,

- iS-assemed,that in the classroom

techniques of finding C
eq

and L
eq

for

bbth series and4aralfel configurations

have been-developed, ,as well as the

general equation for an exponential:

The student is now ready to handle

more complex STC'"s'and deal with resis -.

tir, capacitive, and inductive voltage

division.
.

The, values of C and R selected- for
,

this seqUence of circuits are common

and should\be available in any laboratory,'

situation.A\ meinducters are the same

toroids used\in experiMent No. IA and

No. 1B, with e tremely,low values of

, resistance. The student should be warned

that when he is u ing more than'one in-
1

ductor; he should s ace them so that

the couplint betweenNthem is kept at

a minimum.

The source used is a unit pulse

generator and the repetition rates

are kept in the aOio range.\\ A dualr
I

trace osCiiTosCo e is used arid the stu-

1



. dent -should be warned to.be sure,to

""float"0 generator and use a Common

circuit ground.

.4S in previous experiment's in this

qdenceeach part of the experirnt

should'be-handed out individually,\,and

the-student4s progress should be checked

before he is-provided with successive

o/e 4110-.51tient/

The 0.rob1erii, The determination of

' single-time-constant

v
o

for

circuits

Containing more than one R or

(ReCtangularl,inpvt),_

Procedurd:-'
. . .

:Conn ftheiive circuits in the sequenced

_oido, (on_ -at.,a time) using the indicated--
values for each circuit parameter.

11)

Pucedate:' Pant 2B-1 .

Using a dual-trace oscilloscope, observe

vo vol and 1,02 (where applicable) for

each circuit, comparing vol and vo; in

k
/figures 3 and 4. RI = 22 RR, R2 F 68 KR,

-= 500 mh, = 100 mh, E = 1.SV -

("D" Cell), and es = rectangular waveform

with period =.2 ms:

Nt/ocedate: Paia.28-2

Measure the three significant quantities'

for ,each waveform_interval.

Sketch these waveforms, indicating these.

significant quantities on your sketch.-

Puceduke: Para 28-3 , ,

1. What interpretations can you make re-

garding the effect of the incl ion of
/

'E in figures 1 and'2?

What interpretations can yo make regarding

v
ol

and v
o2

in figures 3 and 4? -

(i) What interpretations can you make regarding

vo2 anin figure 3 and v
o2

figure-gure-4?

es

0
'Fig. 1 . Fig. 2

'

R2 1102

0
1102

\

Fig. 3 ,- Fig. 4

I 4

0

Fig. 5

.



-EXPERIMENT 3A

Woe A .to IrotAlictok .--

\

The e

J

Discoiering that a STC with sinusoidal

response will have the resp nse of

amplifuae-scaling and phase Ihift.

II. New TerMinology Encountered:

Lead"- 'Lag
.- .

Frequency Response

III. Studeht-background needed:
. 0

STC's with rectangular input, famil,iarity

. with sinusoidal functions, phase !4lation-

sliiin--betweensinusoids, use of oscilla-

3 -1. L. _tor;, use of Dual-Trace-Scope to measure

'tooth amplitude and phase.

IV: -dthiefni Notes:

This experiment, Mach is introductory

in nature, is desilined to familiarize the

student to the response of an STC with

sinusoidal input. In addition to the

voltage response in four simple series
k

. ...

. STC circuits, the student investigates

the current response in each. He §,..,given

\

vthe opportunity to ary circuit parameters

sand observe the effect, hopefully leading
1

to a fuller understanding of these cir-

- c 6 its. -In Part 3A-3 the student is given

co' freedom to investiggte other STC's

with ..inusoidal,..inputs on his ow.

This lab should be followed:by class-

room presentation of reactancesand

impedances.

Fot the Student

The Problem: Investigation of the response

of a singletime-constant cir-

cuit to a sinusoidal input.

Pucedule: Pat 3A-1

1, Connect the four given circuits and con-

tinue. e
s
= 10 sin 2 (1000) t,

R = 3300 0, L = '500-mhy, uf,

2. Observe, with your (Hll trace oscillo-

scope, vo for each circuit and compare

to e. More specifically, observe:

a. The amplitude relationship between

v
o

and e
s .

b. ihe phase relationship between

Vo and es.

c. Similarities in v betheen circuits.
o

3. Holding the amplitude of e- coiAtanty

at 10V, vary the frequency of es and '

dbserve the effect on each

each circuit , that is the effect onuthe

amplitude of v
a

in each circuit of ih-

'.creas.ing w? What is the effect of the

phase angle between e's and vo of

.2
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6.

increasing le Decreasing to? .

Vary-the value of resistance in each-cir-

cuit and ebserve the effect on vo. What,

in terms of the amplitude and phase of

,v
o

, is the effeCt of'increasing R? Decreas-

ing R?

Vary the capacitance in figures 1 and 2 as

well as the inductance in figures 3 and 4

and observe thb:effect on v
o

.' What, in

terms of the amplitude and phase of.vo, is

the effect of increasing L or C? Decreas-

ing l. or C?

Vary R and 6 (or C) in each circuit while

holding the time constant of each circuit

"fixed.- Observe the effectp on'amplitude

and phase angle of vo.
o

PO:t3A=:2-

Discussion:

Referring back to the four originiA3

figures 1 and 2 are the same circuit, with the

output v
o

taken ,across opposite components; this-

also is true of figures 3 and 4. Recalling that
-
the voltage across a resistance is directly

proportion41 to-the current flowing through it,

it is apparent'that the current response of

these circuits-can be analyzed by observing and

-interpreting-the voltage across the resistance

in 'each case. -.Hence to ,study: this current

response for R-L and R-C,circuits we-need to

concern ourselves with figures 2 and 4. With

this in-mind,:let us make some interpretations

regarding the observations Ipade in Part 3A-1.

Phoceduhe:-

1. Interpret the current response of a single -

time- constant circuit to a sinusoidal in-
,

.t
:put.

a. Does the current lead or lag the
applied voltage in an R-C circuit?

b.. Does the current lead or lag the
'applied voltage in ad R-L circuit?

2.. Whas the effect on this phase angle

between e
s
-a d the current in an R-L or

R-C series circuit of:

a. :Increasing w?

b. Decreasing w?

c. Increasing R?
.d. Decreasing R?
e. increasing C?
f. De-easing C?
g. Increasing L?

h. Decreasing L?

3. What is the effect_pn the amplitude

of thiscurrent, of:.

a.

b.

c.

d.

e.

f.

g.

h.

Increasing to?
Decreasing w?
Increasing R?
DecreaSing R?
Increasing C?
Decreasing C?
Increasing L?
Decreasing L?

4. Interpret the relationship between the

amplitude of the current and the phase

angle with es._

S. What is the relationship between the

time constant of-the circuit and the

phase angle of the'CUrrent?

Puceduke: Pat 3A-3

1. Select other complex single-tfte-constant

137

f7=1

circuits and investigate, in a manner

similar to that employed in Parts 3A,1

and,3A-2, the behavior of these circuits

a-sinusoidal input.

J.



EXPf MEW!' 4k

*Note.a to,:kneVate-ton

I. The grobielK
peterMination of half-power point and

Oilier plot of single-time-constant

circuits:

TerMinology 'Encountered:

Corner .frequency -3 db

llarfpower .bode plot

.Corner plot semi-log

frequency_- response.

Iiy.StUdent_background needed:

Res i'stive- oircuits, STC's with, ectangular

inPuii.STC's with-sinusoidal input, use

scope--for amplitude measure-

Mehthd,for phase measurement, and use. of

oscillator.or sine-square generator.

1)/. deneral Netes:

In laboratory experiment No. 3A the

student was introduced' to STC's with a

sinusoidal input. It is assumed that this
.

Material has been andlis.being covered

in theclassroom while this experiment is

being ddhe,in the lab.

This'experiment.introduces student, to

the concepts of corner plots and corner

frequencies An the lab without any previous

exposUre to/the topic in the classroom. It

should be followed up by class presentation.

on.cornei4lots.

The experiment begins in a rather re-

stricted1 fashion and as it progresses

allows the siudent more and more freedom

to control the activities. The experiment

is intended to take twolaboratory periods,

the first (lab. exp. 4A) taking one Oriod'

and the second (lab./exp. 4B) taking

another.

Experiment 4B provides the student

full freedom-to investigate STC's charac-

,
teristicy; which he should be ready to

do after completing experiment 4A which

.lays a solid foundation. on which the stu-

dent can build.

Fon the Student

The Problem: Finding the frequency response

of single-time-constant circuits

and representing. this respoh§e

in a conventional-manner,'

Pucedune: .PC .t 4A-1

1. Cohncdt the two given circuits with

e
s
= 10 sin wt and proceed as indicated

for each circuit.

2. Vary the frequency of es, holding the

amplitude of es constant and observe:

a. The effect of varying w on the

amplitude of vo.

b. The effect'of varying w on the .

phase between es and wo.

c.. The effect on varying w on vo

for figure 1 as compared to the

effect on v
o

for figure 2,

3. Increase or decrease the frequency, ofe's

until a maximum amplitude of vo is

achieved. (This V
o
max shOuld remaih-

constant over a fairly wide range of w.)

Measdre this value of'Vo and record it

en the attached semi-log graph paper

R



4. 146W-slowly ehangethe frequency of e
s

.uniii_the:Miximum.value of v
o
begins to

-drop; values of Vo (Max) versus f on

thetaitaChe*semi-log paper, as well as
_

.the -phase -shift between es and for each

circuit. Plot just enough points to

sufficiently- define a curve.

recall that

db = 20 log
E

1 .

E
2

In this case
E

1
= .707.

E
2

Therefore, we solve for (20 log .707).

V (max)
1

-1/2
. At what frequency does _

s
(max)

0.707? 20 log .707 = 20 log -
2

-- = 20 log (2) _

Es

At what frequency does the phase angle

betwel\l!4 and v
o

= 45°?*

(OMPAiew\in procedure #5 with the w
1

in-4066dOe

:DiScuSSion:

-Noti-4ound-iti-_-Part 4A-1 that when the phase

-inileT-e-between v'o and e.
s
equals ±45° the ratio

-10 log 2 = -10 (.301) = -3 db.

.

In addition this'qrequency is also

called the halfi:p6wer point. Recall.that

0113'=.10 log z7 in this case we know that
'2

PI -3
we are dealing with -36. Solving =

r
2

10

P
1

P
1

Pi'

log = antilog -.3, fr

2

- =..5; we find.

E-,- = .707; ThiS can be shown by the examina- - . .

. that the expression "half-power poi nt" is

tion of a phiSof diagram of those voltages.

_ V (max)

cos 0 =
E
s

(max)

V (max)
0

COS 45
0

=
E
s

(max

Therefore,

V (max)
o

0.707
E
s

(max)

This point is called the corner, frequency

for the circuit. It is also referred to as

the -3 db point. From your previous studies

a valid one.

Now, any reactive circuit will respond

to a change in frequency in the manner previous-

ly observed. TWit is, the frequency re-

sponse curve plotted in Part 4A-1 is typical

one. This 'plot is called a bode on CO4Reh

Aril, 'We will learn later how to calculate.

and,draw these curves without taking, any .

measurements.

Pitooechihe: Pant 4A-2

Going back to the two original circuit's

in Part 4A-1, vary the R's and C's and observe

the effect on w
1

in each case.

1. ;For figure 1:

- a. What is the effect of increasing R?

b. What is theeffect of decreasing R?
c. What is the effect of increasing C?

d. What is the effect of decreasing C?

2. For figure 2:
a. What is the effect of increasing R?
b. What.is the effect of decreasingR?
c. What is the effect of increasing C?

d. What is the effect of decreasing C?

3. What is the effect of varying both R and

C while holding the time constant of the

circuit constant?



Discussion:, Pant 4A-3

Referting back to, circuit 1 of Part 4A-1,
. .

we can write that V E
o. s

wRC",

V
o

. Then =

's

Burt as we discovered -,in Part 4A-2:

at wilthOhase angle between E
s
and V

o
equals

'V

45?""biicObat =

Therefore, at w
1,

.707 + 4S
o

= 1

J wRC

11iS-iieans=that the denominator of the right=

401:ftaction,must equal 1.414 +45°. Ih

oidefjer,this,i'o.hold true, thewj
wRCN

1.heiefoi
RC

w = . it is apparent then, that

_the - corner requency is determined by the time

constant -of the circuit. Mere, specifically,

theCottle, frequency of a single-time-constant

equ-alS1,the reciprocal of the time constant.

Fig. 1

gnoceduni: Pant 4A-3

Beginning with the two circuits eMploked,

in Part 4A-1, maintaining es 10 sin wt,

+add an additional R to each circuit as'in-

dicateckand proceed.'

1. Observe the effect of the additi?nal

.resistance on the circuit response.

a. -Whai is the effect on V
o

Max?,

b. Whht is the effect on the corner
frequency?

c. What. is the effect on the response
- curve?

2. Using the techniques employed%earlier,

measUrethenew V e max 'and w

3. Interpret these new valueS. Whyihe

change in V
9
Ma(?, Why the new coiner

frequency? ,Whht circuit patainkiis
/

-

have been changed by adding the Second

4. USing previeusV leatned,circuit

analysis techniques, calculate the corner

frequency, Vo at (01,.and the time con-

stant for the new circuits.

140
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ETWORKS (CIRCUITS MO

PEFZNZTZON

k_aourSerin,circuit analysis having the title

of-MetOolda-has the implication that-the student

:,hall-study. *y circuit of any configuration,

_Simple:Or. involved. Theoretically, there are

= nO-restrictions. The 0.6tniction4 can be estab-
liShid',however, in accordance With the needy

:and de4A4,8 of_a particufar curriculum.

s MAJÔCONCEPfS

Fer-a:iwoyear associate degree program in
.

Electronics Technology, the following major

concepts for a:Neto64124 course are recommended:

1.
_

-The,26ontents of the course shall be in-

fidended by -the technical specialty
. .

course(theloption) that is selected

, for the remainder of the curriculum. -

b, Magnetic coupling- and magnetic circuits

havernOt been covered to this point in

the Prededing two courses of the sequence.

.11ese-tOpics should be covered Tegardless.

of the remaining specialty courses.

-c, The 'subject of 0.6onance needs to be

Covered.

d. ''EMphaSis shall be placed on circuit

response, - not the evaluation of all

currents, voltages and powers in a

circuit.°,

6. Emphasis shall be placedon practical

. circuits and responses such as: Filters,
,

-loading, frequency response, resonant

oirCUitS-, coupling, three-phase systems,

power distribution, the Q of a circuit,

.a-fand r-f transformer, etc.

f.. Take advantage of the S-operator as _

appropriate to the analysis of circuits.

g. Restrict the complexity of.circuits to

those-that,haveno more. than -two-poles

in the S-equation response. These are

double-time-constant Circucts.

BEHAVIORAL OBJECTIVES

- On satisfactory completion of the ourse

141

the student shall have the abilities to

a. Select a method lhat is convenient for

the analysis of given circuits.

b. Write the necessary equations for

analysis.

Solve for both steady-state and

transient responses.

Know those circuit configurations heeded:

for their practical value.

Understand techniques of analysis that

areunique for the yarious practioal

c..

d.

e.

f.

g.

circuit configuration.

Sketch phasor diagrams as an appropriate

means of representing circuit responses

graphically when frequency is constant

and not a variable. .

Apply the ,S-plane technique as a, =

graphical representation to study the

response of simple circuits when.

frequency and time constants are of

primary interest as variables.
.

h.: Know how to analyze having

mutual coupling.

i. .Understand the purpose of core Materials \'

-.2

to control magnetic coupling.

PREREQUISITES

The primary prerequisite for Netwoithh,

as proposed and outlined here, is the Singe- :

rimg-ConAtant di/La/At:5 course or its-equiv-'

alent.. Networks is the third major subject

in'the sequence of circuit analysis courses.

It is assumed that theTS-tUddit-afrea4 knows

how to write &rep and node equations, how to

use Thevenin's, Norton's and superposition

theoreMS-, and how to write circuit equations

as ratios (or transfer functlons):. The stu-

dents'background in mathematics,, at this

,`



pointsliall;invOlve'elements of calculus,

elehc^ti:oi differential equations and elements.

-of-.the-IiPlade:Transforth (especially the use of

--iible5).

sNote:. -the Mathematics uSed, for the most part,

will_:be :na= none than agebta, tragonometaTan#

=comptexiajgbut.- The,advanced math4111 be of

valUe-tOr certain derivations to-add Understand-
,-
invanciapOreciation.'

The-,relative' position of Netwo/dun the

curriculum is-represented by the following flow

chart:
. .

*

STC

'40LACORANgF-ORMS CIRCUITS

NETWORKS

kat

INTRO

ADVANCED

LINEAR ELECTRONICS

OUTLINE.

I. _ReVjew;-of STC's on "S" basis (Classroom).

II. R1C,Series'CircuitS (Classroom and Laboratory).

Impedance .(Laboratory support).

B. -PhaSok,Analysis (Classroom oriented).

C. Resonance (Introduce in laboratory).

1. Natural, phase and amplitude

resonance.

2. Q of circuit and its affect.on I

3. Bandwidth.

D. Frequency response' characteristics

(Classroom and Laboratory).

1: Bode plots may tie-used to advantage.

2. "S"-plane analysis (zeros

poles).

a. Solution for poles and zeros

_fted_the-quadratic-equation to

find roots).

b. Graphing circuit response.

E. Use of- initial condition models.

III.RLC Parallel Circuits (Classroom and Labora-

' tory)

.A. Impedanc_ (Laboratory support).
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B. Phasor analysis (Classroom oriented).

C. Resonance (Introduce in Laboratory)..

1. .Natural, phase and amplitude

resonance.

2. Conditions for resonance (two

points, one or none)` (Classroom

oriented).

3. Using Q of circuit.

D. Paraliel-to-series,cOnversions(ClaSs-
.

tbom).

1. The equivalent series circuit

representS.equivalent impecianCe,

E. Frequency:reiponse characteriititS

(Classroom and laboratory). .

1. Graphical and mathematical.

2. "S" -plane analysis.

F. Use of initial-conditionmodelS.

G. Ringing circuits and damping.

IV. SerieS-Parallel RLE Circuits (Classroom

and 'Laboratory).

A. A. Writing of characteristic OuationS

.(Classroom).

1. Loopiequations.

Node-eiluations

3. Millman's Theorem:

B. Using theorems and conversion tech-

niques (Classroom):

1. Superposition theorem (Laboratory

support).

2. Using Thevenin's'and Norton's

theorem (Laboratory support).

3. n-T conversions (Classroom

oriented).

C. Filters, - all types (Introduee in

laboratory).

D. Impedance matching-(Classroom oriented

with laboratory support).

V. Multi-time-constant circuits,-not

oscillatory,

A. Os and C's only.

B. R's and L's only.

C. Examples.

1. Frequency compensated

attenuator (Laboratory).

2. Bridge circuits (Laboratory).



0

_3.. Lattice networks (Laboratory).

D:-tichniqUes,of analysiS (Classroom).

Magnetit.:Circuits and Coupling (Classroom

:inclabOratory).

-,-A** Core Materials

'Permeability,

2. .Characteristic B-H curves (Laboratory

HysteriSis.

.11-.-tiinhafentals of Analysis (Laboratory

4% =Faraday's law.

-0Olerities of induced

'Se'lf- induction.

b. ?Mutual induction.

lndUCed-curfents,,

-Coefficient-of coupling.

AutUal:inductance (H).

Use of- fictitious generatoit

'(Classroom).

NIL -Transformers (Laboratory oriented).

Powertransfermert.

1, Equivalent circuits (Classroom).

2. Ampere-turn, Impedance relationships.

_B." A-F. and'R-F transformers.

, -Single tuned.

./ 2: - Dobble tuned.

VIII.three-Phase Systems (Laboratory-oriented).

A: Generation and Sequence.

B. Leading (delta and Wye).

1. Balanced loading.

2. Unbalanced loading.

"Systems."

.1. Delta.

2, Wye.

rt

5:

. *-1

voltages.

D. Phator analysis.

E. Power calculations.

GENOtAL GUIDELINES

The subject of n2ttilohh4 serves two important

functions in an Electronics Technology Currie-

As the third in the sequence of circuit

analylis courses, it is found that,

1. The student learns techniques of analysis

for_those circuits that are more involved. .

than'STC Circuits; or Resistive Circuit0;

2. The student concentrates on circuit

configurationtthat.are-unique to

particular systeins such as three-phase

,1 circuits-lirpower-sysiems-, filters in

power supplies, high-pass and low-pass
%-

filters, tuned circuit's,' coupling cir-
. r.

-cults, etc.
\

A point to'keep

above two functions

in mind'concerning.tfie

is that there -is no limit

to the subject matter, coyerage and depth,

for-a Networks course. The preceding two-

courset(ResiitiVe.Circuits and- STC Circuits)

-do have.liMitt of subject matter Overage and-

can be terminated at, some logical point.

setectidit.otiopicA

Some freedom exists for the instructor

in the selection of major topics Tor-the

Networks course: Keepingitt two functions

in mind, techr4que4 of analysis and practical

;circuit conSiguhatpn4, the instructor shoUld

select topies that are most suitable to the

total curriculum. The institutional option_

(communications,spower, control syttems,

digital systems, etc) will be - enhanced by the

topics of Networks when selected for the

paifiCular option, For example, if tbrei-

phase cireuits are not coveredanywNere else

in the curriculum,. it may be that the only

place for this subject is in getwOrks. On

the other hand,-the instructors of the eiec-

-trOnics-curriculum":May wish to omit this

subject entirely.

Consider the probleth of resonance (series

or parallel circuits) as atopic to be.coveied

in Namokhd. There is probably agreement that

this topic should be included as indicatedin-

the Outtine of this report. But, hoWmuch

coverage and in what detail? Which parameters

should be considered as variables? What about

the various conditions of resonance or no

resonance? What about locus diagrams, phasor

143



diagrams, or amplitude responses as a function of

4 . someone or more of the possible variables?

_Again,, as stated-previously, there is much to

-titiaerwithresonant circuits as with other

-majer-topics of Networks.

- Suggestion:' Select,topics, coverage and depth,

fOrthe:Networks course as carefully-as possible

:toSatiSfythe need's of the end objectives of

the:curridulum. Do not try to cover every

:possible topic in every detail. Select a text-

I** that-is most satisfactory and follow its

general:Sequence. Add class notes as needed and

-dele**,-re4uired

44e0;0:4chni4ue4 ei-Angiya °

.Mauch -of the analysis-forthe:circuits ofn

.iiie:-course T,Will=be-done using complex numbers,

jphaSerS:and-the-concepts of-impedance, reactance.

r(Capaditii.e-and inductive), conductance and

_adMittance. It must beignembered that such

tOantities.are applicable_ only to sinuscidal

-driving_ functions under steady-state conditions

ftWfiiWirequencieS.

-Sonie_serious consideration should be given

to-those-problems that permit a more direct

analYSis-When it Is desirable to, consider

frequency -as a variable. Locus diagrams have

''been used for this purpose but are usually

-lialtedto the most simple circuits, If S-

equationsand the S-plane are not now being

used-to,asSist with circuit analysis, then wel

encourage that this be done. Just the writing

of equations using "S", rather than "jot ", is of

value. If you want jw,it-can-replace "S"--after,

the equation is wrktten. If you carry theS-

equations further and use the S-plane, then

a graphicalrepresentation-exists-from-which

_a response as a

-interpreted.

The project

little difficult for students to.Th

\
aster,_ -im.

.....

volves circuits.with mutual couplin\g. The-

problemt-is chiefly concerned with th uSe of
the correct sign 1+ or -) for induced volt-

ages resulting_frommutual inductance (T._._

We think the use of (dependent sources)- are

of value .here. These_dre symbols, for in- \ _

sertion into circuit models similar to

bunetion as likequency can be

did some, development work with

the S-eqdations and it is presented under the

heading, "The Pattern of S-Equations" allittle

later in this'section. 'There are some answers
,

there,, as to a possible technique, that may be

of value. -

'Another circuit analysis problem that is a

1
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voltage7soUrde symbolsthat are placed -in

every, loop where a Mutual induced voltage

exists. Each one is labeled with the-Correct-

voltage-polarity reference and each one isl

identified by i'voltage as jwkI, or Juik13,

etc. as-the circuit dictates. The'ioop,'"

equations ate-then easily:written,,lnierting

the proper SignS as' dictated by kirchheff'S

voltage law.--The-sign (k- or =) should = no'

longer bea problem to the student-. 'You,

see, the dependent sources of mutual' in-.

ddctance isolate the sign-iroM

tude where they can be handled with less

chance of error., This technique also'helps

the student to Understand mutual; induced

voltages.

Examples are presented in Fig. 1 to

illustrate the use of the dependentsourceS

of mutual induCtance.. There are thoSe' Who

may wish to use this technique. Others may

not. See next page for Fig. 1.

THE PATTERN OF S-EQUATIONS

To arrive at the S-equations for RLC
. .

circuits, the conventional proCedure has

involved the writing of node equations, or

loop equations, or other moraAirect-tiCh-
__ --

niques and-then Mianipulate_these_initially

written equations into a desired form to

make it easier to find the roots (poles and'

zeros') of theS-equation.

The project became involved' in trying

to find same pattean that is con stent in

these equations fot those. kinds of circuits__

having two poles always in these equations.

If the pattern could be found,then it might

be possible-to 'Lead the 'terms for the final'



:
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Fig. 1" Coupled circuit models. showing, dependent sources:

(riglit-hand..column)' of mutual indudtance. /S-operrf
i

P

is shown. Could use jw as well for: sinusoidal steady-state

_equation i thout_

Ulation- of -equat

g through:so much manip,

pattern -was found

d-i qresented here for information purposes

------only.,..4eare-aptlprepared to recommend hou. or
, e

whtn this. iniormation should-be used, since

there-has been no opportunityto try it in the

---clissroom,--The_only_thought here is that, the

''OfiRLC series circuits probably shOUld-

not gp .beyond double -pote circuits. Some work
46=

htbld be done in the writing of S-equations,'

eir'rOots and the use of the S-plane. The

stion6 ere is. Should one concentrate on
,

neadag of the equations?,

The' pattern for the S-equations is revealed .

analysis,

",

beferr g to the'fquatioas for a number"of..,

- /
circuits, as presented on pages following this

discussion. Refer-to those circuitsand_

their corresponding equations and the follOw-

ing_facts are directly observed.

a. Every constant !term lias the dimensions

of the inverse
iof time or of time squared.

b. -The-coqficieni of S in the denominators

is always the sum of two

each term is a ireciprocal of a time

constant.

c. The constant term (third term) in the

denominator is-always the product oft

the reciprocal of two different time-

145
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Constants, ont of which is identical to re
.

of-the terms in the coefficient of,S:

d. The number of S- factors in the numerator
. -

maybe none, one oh lux,: Never more than

.

e. The Contant cpefficiepfor.the total ,

equation makes the equation dimensionally

Correct.. '

NoWi-wp are at the point of this discusSion

wher6:we_calt-reveal a procedure for heading

alloftheConstantterms of the S-equation.

FirSt",-note:that all of these circuits are of

the.:one-node equaZion form represented as below.

1/0

1 that circuit has not been instantaneously-

desroyed (or never existed in the first

place) by the short.

1. If the stored energy never aissipates-,,

only an S appears in the numerator,

2. If the stored energy dissipates

with time, then an S + d term appears

the4lumerator. The constant ok

this factor is thereciprocal-of

the time constant of
y12

when

shorted.

Now, to read the constant terms for the

denominator, consider the quadratic equation'

of the form,

S
2
+ bS c

. .

Use the following technique to identify-b and

C of the model equation.

a. To obtain b, the coefficient of S,,

1. Open L: The time cOnstant'of the
i

remaining circuit'its reciprocal).

is one of the two constant terms:

2. Short C: This gets the second

constant term.
4

b. To obtain the third tetin,;of`the Mod t

equation,

1. Open L: This reveals one of the

constant terms in the product.

,It is identical to the RC time-

' constant term in the coefficient

of S.

2. Open C: This gives the second t me

constant-(reciprocal) in the t ird

term.

NOTE: Interesting? Where do we go fro

Will this technique have a-valu

two-year programs? We would be

ested in the results from any

that uses it.. As a matter of

are interested in experiences

use of the S-operator in any form.

,We need-this.model for the'purposeof identifying .

. .

the numerator portion of the Snequation. We,

-will 166i at
A
\the denominator in a second step.
/\

. To identify the numerator factors and

constant.te msrlq-efer to any one particular cir-
/ \

CUit along with the general model just presented

:and apply/-the following procedure: ,,

a. Open the source a short,at v ._._
N., o

:b. Look at the,*portions of theSaxcuit

represented by y\14 and y12 sepat4itely.

c. The yil circuit Can contribute an S-factor
____ , _1

'to thenumerator only if the stored energy

.-. % liaS notibeen instantly destroyed by ,the

i.; open circuit. ' \\

/ 1. If stored energy never dissipates,

,..1 . only an S appears in the numerator.
iv .

! 2:. IfStored energy dissipates with

.tire , then an S+a factor appears.

. The tete= is the reciprocal of

the time-consant-of
Yll

d. The y12 circuit, shorted, can contribute

an-S-factor only if the stored energy of

e
. _._..

-----'
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EXA.k(PLES WITH -S-EQUATIONS
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EXAMPLES WITH S-EQUATIONS (Cont'd).



EXAMPLES WITH S-EVATIONS (Contid)

s'
.47)741) e041 #R4)\

(c04 #1,1 # I/A) 1- (eCh# e))(2/64i'llN21
, .

Note: Marty other cticuits and their correspo ding S-equations could be sho n.
Those presented here arb sufficient to illustrate the pattern for th
equ&tions and the technique of identif}ing the constants directly fro
the circuit. Remember, however, that a circuit having a C in series
with` an L is the special case.

r
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CHAPTER 5 \

THE FUNDAMENTALS OF ELECT-ON/CS SEQUENCE

The zequence oithtee coUtzez (ke.64.6tive Etectitonic6, Pulse

Etectitonic6 and Advanced Limo. Etecttoniezt, as ptezented in

this chaptet,.Z6 teptezentative oi the conematertiat sot the

Fundamehtatz o6 Etectunic.6.

,Az zugge&tedAot the iequen-ce coutzez in Citcuit Anatyziz

_964e pteviouz chapter, the /Leaden iz encouraged .to tega4d the

..FundaMentatzoli Etecttonicz ass 'a zing& package tathet than as

thtee zepatate courses. The sequencing a6 the .three coutzez iz

conoid6ted to be ass impoAtant ass the zequencing o6 topic& Within

each course.

Each of the .three coutzez contains subject - matter content&

and oAganizatill o6 topics that ate teptezentative o6 convention-

kind .06 coutzez. There ate two raja tecommendationo that

the ETC° Project wizhez .to zubmit.. Detaited in6o4mation ton

these .two tecommendationz is presented tin .the chapter.
.

a. To get ztaAted with the Fundamentatz o6 Eteettonicz

package, on to get ztaAted with a study o6 any gtoupi

o6 etectA.onic devices, .the majot emphaziz zhate be.

on the eteetticat ptopettiez (such as volt- ampere

gitaPh6cLnd-cdacuit-tezponzel-Julthenthan_on-the-in-

tetnat ptopentAle6. The phyzicz o6 devises zhate not

be a ptetequiz.ite.

b. The subject o6 Pam Etecttonic)s zhati be 'Levi/Led

a& .the .second coutze in the zequence. Conventionat-

ty, thiis subject haz been inctuded in Etecttonicz

Technology cutAicuea as an etectLve on ass the thitd

courtze in .the zequence.

A14.17



RESISTIVE, ELECTRONICS (ELECTRONICS I)

DEFINITION

The subject of RebiAtive Eeeethonie.6 is,
.;

primarily, a study of the electrical character-
..

Istics, electrical parameters and the physical

properties of electronic and electrical devices

with limited applications of these devices as

resistive :elements.

MAJOR,'CONCWS,

14.6iAtive Eeeethortte.6 is more device oriented

than circuits oriented. This approach is neces-

sary becaUse of the large number of devices on

which the student needs information before using

the deviCes in circuits.

Concentration on the volt-ampere character-

istics of devices makes it possible to study a

large number of devices. Specific information

on how this is done is presented in the General

Guidelines under the heading: The TeruninaZ on

.Poet Appitortehtt the Study 06 Etectunic Device6.

The.phpieat oopentie6 of .devices does

not imply a physics and chemistry approach to

how the device performs its designated function.

It implies the study of a device by considering

the terminals with its electrical characteristics,

and interpreting this information to understand

and appreciate the-nomenclature such as: Current

and voltage ratings, STOP, NPN, base, gate, anode,

copper plated, shelf life, reliability, power

BEHAVIORAL OBJECTIVES

Upon satisfactory completion of the subject

.of ReziAtive Eeeetkonie4, the student shall have

the ability to:

a. Ascertain. the electrical properties of any

electronic device.

b. Write and converse about electronic devices

using acceptable terminology and nomenclature.

c. Understand the specifications for a number

of electronic devices.

d. Select appropriate devices from catalog.

listings. according to identification and

specifications: .

e. Appreciate the need of different elec-

tronic devices, with their different

electrical propertiestl in systems.

PREREQUISITES

Ideally, the subject o Rez.ative-Etedt-

honieb should have the prerequisites of

ReziAtive CZ/Emit:6 and Intrcoduction to Eeeet-

konie4 TeehnoZogy.

From Reziative CiAeuit4, the student will

have the needed background knowledge of the

concept of resistance and how to handle resis-

tive, or equivaent resistive elements in

circuit models. The student is prepared to

understand why electronid devices Must be

replaced with a model in order to make neces-

sary calculations and to interpret measure-

ments made On electronic devices.

From the subject of Introduction to Elect-

Unied Techno'ogy, the student has the needed

systems approach and a knowledge of much of

the terminology and nomenclature essential to

the concentrated study of devices. :Going

directly to a study of electronic devices;

without some information as to the purpose

of these devices, would leave the student too

uninspired.

The flow chart shown here, reveals the-

position of Reziative Eeeet&onie.6 with re-

spect to other subjects pertinent to Reziative.

Eeeetkonic%.
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Resistive
Circuits

OUTLINE

INTRO

RESISTIVE ELECTRONICS .

1
Pulie Electronics

001. 1: TRANSDUCER&

j, Identification of Switching Devices

A. Ty0eS-

1. COMMoh: Toggle, slide, knife, lever

pushbUtton, rotary (Seefa parts catalog" .

for additional types).
2 Voltage rating.

2. Special types: Thermostatic, mercury,
a. Low voltage_ physically short.

reed, microswitch (Solid state to be
b. High voltage - physiCally long,

consideredater).
c. Arcing should not exist across

3. Relays and solenoids,
blown fuse.

a. Types: Stepping, time delay,
C. Replacement

thermal delay, reed (See a parts
1.. Replace with type recommended by

catalog f6r additional types).
manufacturer.

b. Making and breaking voltages.

(1) Factors.
Too,high a value would not blow

soon enough to protect equipment.
(2) Determining experimentally,

b. Too low a value could "blow"
c. Symbols.

under normal usage.
B. Switch Contacts

, is not-tChaTIT;-- use 150%

C. Switch Action

1. SPST and symbol.

2. DPST and symbol.

3. DPDT and symb'ol: /

4. Multiple position switch and symbof/.-------

II. Protective Devices

A. Purpose of protective device /

1. Prevent overload of source.

2. Prevent hot wires, burned' insul'ation

and fire.

3. Limit the damage.to total circuit.,

4. Provide little"or no voltage drop

(must have low resistance).

-S. Provide maximum protection (Primary

of transformer usually containsluse),

B. Ratings-
..

1. Current rating.

a. Low current; - small wire.

b. Not a voltage or power device. .

(Will "blow" when more than

rated current goes through device).

1. Types:' Copper, silver plated, gold
to 200% above normal current used.

plated.
D.' Types of protective devices

2. Physical construction.
1. Fuses.

a. Maximum current,.
a: Fast blowing, - for instruments

b. Maximum voltage, v.

c. Maximum power, 4.2R.
and meters.

b. Standard, - general purpose.
.d. Low resistance needed between

c. Delay or slow blow, - used in
contacts.

inductive devices.
e. High frequency switches (Low R and

2. Circuit breakers.

a. Electromechanical, - does not
C for frequency used).
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destroy itself, (just needs

resetting).

b. Thermal, -Iimetal strip heats and

bends to break contact.

c. Magnetic, - Magnetic field is

proportional to current.

III. Cells and Batteries

A. .Primary cells

1. Chemical change not easily reversible.

2: Cannot be recharged%

3. ,Examples:. Carbon-zinc drycell (cotmon

fli.Shlight batteries, and mercury cells).

B. Secondary Cells

1. -thethiCal change is reversible.

- 2. Can_be recharged,

3.. Examples: Lead acid battery (in autos

and elsewhere) alkaline rechargeable,

and nickel cadmium.

Battery

1. Definition, - two.or more cells.

2. Connection of cells, - series, parallel.

3. Internal resistance.

a. Low when batteryois charged, - high

when battery,is.discharged.

b. Varies with size and type of battery.

4: Efficiency of battery is related to load.

a. 50% with load resistance equal to

internal resistance.

b. Efficiency higher for higher load

resistance.

c. Concept of maximum power transfer.

S. Testing.:

a. No -.load voltage.

AV.. Light Sensitive Devices

A.' Photo voltaic cell (converts light directly

.to electricity)

1. Efficiency, - up to 14%.

2. Uses, - satellite power, camera light

meters, light-cqntrolled devices.

3, Most common materials, - germanium,

silicon and selenium.

4. Comparison with photosensitive resistor.

a. Greater linearity.
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b. Faster response.

c. More uniformity from cell to cell.

d. Larger surface area required.

S. Photodiode.

A. Small surface area.

-b. Fagt response.

c. Used in high speedeading,

punch sards, etc.

B. Photo conduttive cell

1. Materials used, - germanium, silicon,

selenium, sulfides.

2. Provides variable resistance, - de-

Creases with increase of light.

3. Sensitivity.

a. Resistance a function of wave=

length (usable up to 100Hz).:

b. Rise time longer than fail time.

4. Sealed in case for protection against

moisture, dust-, etc.*

C. Other light sensitive devices

1. Photo transistors.

2. Photo multiplier tubes,- - very

sensitive. .

V. Temperature Sensitive Devices

A. Thermistors (a small bead of semiconductor)

1. Properties.

a. Negative temperature coefficient.

b. Detects small temperature changes.

c. High reliability.

d. Time constant, - several seconds.

2. Uses.

'a. Temperature range (-100° to 300°C).

b. Detect minor temperature Changes.

I lI

np1e (Vu1Lage pi °duce' fro

similar metals)

1. Properties.

a. 4rhermoelectric constants, -'micro-

volts/°C (obtain from ha4dbook

for material's' such as: nickel,

platinum, carbon, silver: copper,

iron, nichrome, germanium, silicon)
.

b.° Voltage difference at junctions

is a measure of temperature differ-

ence.



c=.- 'Temperature range (to 300d°C).'

tiedtiorieChanical Devices

MeChaniCal to eleCtrical

1. 45 generators.

-2: A=C g enerators.

"' 3: Microphene."

a. Carbon type (external battery

source),

b. D ynamic (electromagnetic).

Crystal (Piezoelectric effect)'.
_

d. Factors to consider, - distance,

;noise level restrictions, frequency

-response desired, directional.

\e. -Ohhnograph cartridges.

Straingauges,

Eleetriaai to mechanical

D =C- motors, - series, shunt, compound.

A
. .-A-u-motors, - synchronous, induction,

shaded'pole single-phase, capacitor-
,

start mdzors,' resistance-start motors.

3. Universal '(A,C or D-C operation);

C;- -Soundlproducinutransducers

1. SpeakerS.

.a. Diameters and shapes.

b. Frequency response.

c. Power ratings.,

d. Impedance _matching requirements.

2. Headphones.

a. Magnetic., -

(1) High impedance type (2000-

10,000 ohms).

( 2)- Low impedance type (5 -600 ohms).

(3) Frequency response.

b. Crystal.

(1) ry high impedance.

(2), The 'piezoelectric effect.

(3) Frequency response.

3. Reversible.process possible:

PART 2:- SOLID STATE DIODES

VII. The PN.junction

A, Physical structure and properties

1. P and N material.

2. Structures to form diodes.

4. DirectioAof motion for electrons and.

holes.

B. Electrical properties of diode

1. Volt-ampere characteristic.

2. Resistive circuit model.

3. Forward biasing:

4. Reverse biasing.

S. Forward resistance, Re

6. Reerse resistance, Rr.

Resistance ratio. _

. 8. Power dissipation.

VIII. Diode Types

A. Zener diodes

1. Voll-aipere characteristic.

2. Speeificationg and ratings.

3. A voltage4rekerence element.

4. Constant voltage property.

Tbnnel.diOdes and unijunction transistor'

1. Volt-ampere characteristic.

2. Specifications andratings.

3. PrOpertieg as a fast switch.. .

4. Tunnel diode oscillator-cifCuit.

Unijunction oscillator circuit.

C. .Variable capacitance diodes

Dr: Metallic rectifiers

1. Volt-ampere characteristic.

2. Specifications and ratings.

E. Vacuum diodes

1. Volt-ampere characteristic.

2. Specifications and ratings.

F. Diode applications (in resistive circuits

B.
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only)

1- Clip_pi.ng_circuit.s

2. AND gate..

3. OR gate.

4. Halgrwave and full-wave rectification

(concept and use of load lines)

PART% 3: MULTITERMINAL DEVICES

IX. NPN and PNP transistors

A. 'Electrical Properties

1. Volt-ampere characteristic.

2. Ratings and specifications.

Y-



Leakage-currents,

a. Collector to emitter,

b. Base to emitter, .

4. Saturation currents and voltages.

'B. 'Analysis and circuit models

1. NPN,and PNP symbols.

2. Graphical analysis,

3. Load lines.

'4. Operating points.

;When used as ON-OFF?switch.
.

6. When used in linear operating range.

'B'asic application (Resistive only)
.t

1. Amplifier, - linear operation.

Waveshaping when overdriven (emphasis

On the effect of overdriving, - limited

discussion on waveshaping.)
.

3. AND and' OR circuits, with transistor,

could be presented here. Limited
These Pet/t4o6 gibiAtive Etectnon44

Studies, however.

.X. SCR's' ndTRIACS,

A. Electrical properties

1. Volt-ampere charaaeriStic.

2. Ratings and specifications.

3, Gate control..

B. Applications, in simple rectifier circuits.

XI. Field Effect Transistors (FET)

A: Type§

,I. MOS-- FET's.

FET's.

B. Electrical properties

1. Volt-ampere characteristics.

2. Ratings and'specifications.

3. Voltage controlled.

4. Operatingpoint for linear operation:.

5: Saturation and cutoff values.

B. Pentodes

1. Volt-ampere characteristics.

2. Ratings and specifications. -

"3. Load lines and dperatingpointS.

C. $imple applications

GENERAL GUIDELINES

The information and suggestions of these

Gengnat Guidetine4-for the-subject_of4Re.46.tive.::--

EtectUnic6 are presentedto emphasize those

major concepts, techniques of instruction and

limitationi of subject'coverage for the-courie..-

More specific guidelines for classroom-

laboratoryactivities will follow these

generaNuidelines.

The subject of ReAiAti.ve Etee.titot4ds has
Id

the three major divisions as pregented'in the

topical outline. These three groupingSare:-

(1) TransduCers, (2) Diodes and .(3),Multi-

--terminal devices.

The course is essentially device Miented

which is the reason for these three identified'

groupings.

Sy6tem4 Approach Imptied.

The subject, of transduders, in itself,

implies a systems approach. Every complete .

electrical or electronic system requires at

least one energy conversion device at the in-

put (nonelectrical to electrical signal) and

at least one energy conversion, device at the

4. Input, impedance.

C. Analysis and operation in circuits

1. load lines.

2. Operating point for linear operation.

3. Saturation and cutoff values.

D. SiMpleappcations. a

XII. Vacuum Tubes

A. TriodeS

1. Volt-ampere characteristics.

2. Ratings and specifications.

3. Load lines.

output (electrical to nonelectrical). The

subject of Re Lstive Etectunics As the most

convenient place in the curriculum to empha-

stze the need for transducers and to learn

as much as time will permit about these devices.

Emphasis on the volt-ampere characteristics

of electronic devices also emphasizes a syStems

approach. Knowing the importance of the volt-

ampere ptoperties will permit the student to

adjust more quickly to the use and application

of new devices or of existing devices that. he
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4

ialid.not have time to study thoroughly.

The deviceS aie approached from a terminal.

Or-Obit Standpoint:by concentrating on the elec.-

jiricalrthar \
actetistics which also implies a.

,Sy-Stems.iiproach.
. .

1,

-

The.Systemi appwach must not be confusd
.-

1'
_with= a,Studk of '40tema.

,

,

ifM0404.i4.10WId4tecat PatameteA4

As-indiCated*eviously, gny active devic

:cah.',be'apOreached:bY determining its electricalk.
' I . r

CIIiiaPtefiStiCS_,it its input and output terminal,

.andi_tOnSfeiparaMeters. This',uniya6gt glophoa

however', is .reliant upon
,

the. determination of

these,ParimetetS.-.whiCh can 'be-derived, either

-,IthieughthOuse of specification sheets and
_

-ChitaCteriSticCurVes_provided by the manufacturer

_iit;:iiiiough'itie-die=of instrumentation; tech-

jaiCian,i4StLbe,equallr at ease with both: methods_

if he -is to. be effective as. an electronics tech-

JjJ4an..
__Once these-characteristics or parameters have'

Jaeen_ndeteMined- the active circuit including.the

device can be anify40d through the use of either

.graphical - methods and loadlines or the electrical
.

model for .the device. This subject, Resiative

_EgatunicA, employs- devices in only resistive

-circuits and-deals only with the resistive par-
i

---aneters-07thedevice.. ibis is to say that no
. .

capacitive,or inductive parameters of either the
r.,.

..,_,carcu- itor device...are considered. Consequent y,

Alen the Operation of devices.in active circ ts.
.

are studied through graphical mdthods, only the it properly, his attention must be directed

D.C.
, !

.

D ioadline.needs to be considered:- Likewise, to its electrical parameters, input-output

must be known. If this is the case, the circuit

Can be reduced to its simplest electrical equiv-

alent, making its analysis much more convenient.

and its function more apparent.

The meaning and use of device parameters

can be understood and facilitated only through

an understanding of transfer_functions. Con-

sequently, this ground worklis laid in the

preceding resistive circuits Course where the'

student is exposed to-these functions. _This

unit or topic includes R, G, -and H parameters

from a port or terminal standpoint.'

The Phyaia Ma/tonic DeVicea De7Emphazited

In introducing active electronic devices
. ,

to students of electronics technology, the

traditional approach.has been to spend a eon-
,

siderable amount of time dealing with the

Physics of the devices. It is felt that with
.

the overwhelming number of new devices appear-
.,

ing and-the limited amount of time' available

to study them, the,,,..emphasis placed On the

physics of the devices should-be minimize.

The student has only 2 years in which to pre-

pare himself.io enter industrY.in an_engineer=

ing-support capacity and extensive amounts of

time spent o4 the physics of devices must

result in less time spent on the-solid foUnda-
,..

ticin in theory that he must have-if he is td'

grow and specialize in'electronics in the

future: In order for the student to develop

the ability, to approach any new device and use

uveloping, model fur the device ; -we- employ characteristics, V/A relationships, and Cm

the piedewise linear model with no reactive com-
,

eponents.

In analyzing active circuits and their re-

sponse, there is a,good deal of associated cir-

cuitry such as biasing networks that can be

reduCed through the use of equivalent circuit

techniques learned in the. resistive circuits

course., However, if these techniques are to be

utilized to full benefit, the electrical par-

meters of the device and its electrical model

curves that apply.

Furthermore, an extensive background in

vacuum and semiconductor physics will be of

tittte vatue in the application of-devices.

In the ETCDP curriculum; emphasis is placed on

the use of V/A characteristics of circuit

components in the courses preceding resistive

electronics. With this background, the stu-

dent readily accepts the introduction of each

device in terms of its electrical parameters .
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40d equivalent model.'. He then can move into the

-use of the-device in active cycuitswith no in-

Struetion_in the physics orfabrication of the.

device. All that one.needs to apply the device
.

is toUnderstafid its electrical parameters. The

physics are of little' value in this,respedt.

HoweVer, when each device is studied, mention

May'need to be made of the physics appropriate,

to the devicein.order to avoid having the stu-

_dent, worrying about how the device.works rather

then- concentrating on the electrical parameters

Ofthe deVice. OnCe again, this must be a brief

Presentation., The question might be asked,

"Hon will _an extensive background in the physics

-of devices help the student when he
40

on the

job _SS an engineering support technician?".

If the - physics of deVices are to be taught,

pethaPS the 044et ptace bon cOvenage ih in the

sequence 64 Physic4 coun4e4 that att the student6

take..

As mentioned earlier, this course places

primary emphasis on the electrical parameters of

the devices, both in the class room and labora-

tory. As with the physics of the devices, there

has'been a tendency to spend appreciable time

dealing with the processes employed in, the menu-

facture of the individual electronic devices. It

seems that the physics of vacuum, gas and semi-

conductor devices, as well as the manufactUring

and packaging processes employed,might well be

treated in a unit near the end of the course. In

this unit, though, the emphasis should be placed

on fabrication and packaging to allow the students

to feel more at ease with the "packaged" and in-

is laboratory-oriented and the time allOwed for

the course should be allocated similarly.

Furthermore, the study of electronic deVices

as outlined here is More of a "real-World"

sequence where the modelsfor the devices are:more

of an approximation than the models.for passive

components treated in the circuits course,

This course places major importance on the

devices from an electrical parameter baiis and

the laboratory with its curve-tracer and other

instrumentation should be used to their fullest

if accurate models are to be employed in the

analysis of active circuits. SeinicoAductor

devices are not produced with uniform char-

acteristics while many applications require

specifications that are more accurate than the

"average" characteristics provided with the

device. The determination of these specifi-

cations
.

is an instrumentation or laboratory,

problem and is giyen much importance-in this

course.

On the other hand, many .other applications

of electronic devices do not require SUCh exact

specifications and the technician should be

able to handle these devices in active circuits

with approximate chalicteristics. He should

develop a "feel"-for these active circuits

and be Ale to quickly determine "Ball Park"

values for their circuit parameters. This

intuitive understanding of common active cir-,

cuits can be developed only through working

with a large number of them in operation.

The introduction of new devices can be

tegrated circuits.

Re6iAtive Eiectunia ea Laboutwcy-On iented

The sequence of topics in the ciAcuit6

courses are primarily problem-solving in nature

with major concentration on the application of

theory and mathematical techniques to passive

networks. Consequently, the emphasis in these

courses is on classroom work. Likewise, because

of the wide-range of active devices to be covered,

and, their inherent Jack of uniformity,, his first

course in electronic deviCesand their application
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facilitated in Many cases, also, through the

analysis of the function of an active circuit

leading to the analysis of the function of the

device itself, culminated by the determination

orits electrical parameters. This appfOich

lend, itself well to the development of an

understanding of common applications of each

device as well.

The student can 6 design work early in

the sequence in the 'laboratory where approxi-

mate values for parameters are used and the

P7A



:student ttrives-f6r maximum perfOrMance of. -

:the circuit. by adjOsting 6r:refining-tlie values
.

. . ,

. . . ,.
\of-,Circuit_components.. This "cut and try"
\

method is definitely a valid'approach to much

rign-Work and is 'ften employed in industry.

iS Skill-Ca-bt-ieveloped only through\exten-- -.

1

. .
1

sive liboratorY. exPerience.. '

1_

:Finally, time needs to be spent on themany

,applications- :of -the devides studied-in the class-.a
\

:room,: This-,:too., is a laboratory problem or',
. .

-Ope.of activity.
1

'414.444'S,t0,444444 gedi4,4ve Eteconi.6.6

lbe,tgiminal approach 'utilized in,this se-,
. _,-

quenSe_OftOpiCSi,along-With the emphasis-placed

on,J;he,:ele6tridaparametersrof devices, alloWS

.us to,iiiitiateehi-studies with a-consideration

'4=t400:x**4(ip devices or .transducers.

IhIge4ey,icet fit,. naturally into the sequence at

this point if- -we- restrict coverage to their -

eleCtriCal response to gxcitation, primarily on a

without regard to the physical

14noMenaibehind'their operation.'

---kuch'i_Of,the work with transducers should be

-centered taliput the laboratory, where we can arrive
-

it_the_eledirical characteristics of the devices
. .

through experimentation-,and instrumentation.

This allOws-freedo4 in the classroom in "setting

the-stage " -or getting ready to move into the

_study of active devices throughthe kind of in-

-tfodOctory material included in Section I of the
. .

.

The studyof transducers might well be brok-

en into two sections, the first being a consid -°

eratioii ofthUstdtVites converting a n6n-elect-
,

..rical quantity or. response to an electrical one.

:This-could be followed by the opposite type of

transducers, those that convert an electrical

quantity or response to a non-electrical quantity

er response.. SeVeral of each type have been,in-

. -cluded 'in the outline as exampte4 only. There

_are-many more worthy of consideration and the

instructor will wish to choose those to include

on the basis of availability as well as import-
,

ance.

The study of transducers can easily take an

a

entire-course if one were to be complete in

their coverage. However, the Intent is to make
. .

the student aware of their existence and to

allow him to feel at ease.in using them. It-it.

felt, that this can result through considering

typical transducers through concentration,

,o their etectAteat te4pon4e. ;Extensive amounts

O time 4houtd not be spent in this introductory,

sequence..
.

THE TERMINAL: OR PORT APPROACH TO THE STUDY OF

ELECTRONIC DEVICES

' The study of Resistive Electronics froa

a "terminal" or "port" approach eventually be-

comes
.

classified-into" two categories, One is
. 1

a power flow situation:44d other is a signal

or waveform processing problem. This is Some-

times referred to by authors-as a-c

parameters.

These topics are well piesented_ in many

textbooks in a very rigorous and thorough

matter.

The difficulty withpresenting this ma-

terial to the student is that he lacks a teal

"feel" or clear understanding of some very

fundamental concepts.thatinvglve application

from Material learned in resistive circuits.

Once again the-Major problem is,Wling the

4tudent 4tanted in a quantitative study of

these devices and their related circuits:
,

The
b

graphical analysis, or load-line ap-

proach, is still the best way to assure that

the student will be able to relate mincIples_

teristics of the device being studied. This,

will help the student develop a visual or

mental image of thou the device performs. It

will also allow him tc 'work with v/a charac4,

teristic curves with which he should be'quite

familiar from his studies in Resistive Circuits.

Let us consider a method for getting the

student started into this type of analysis.

Given the problem in Fig. 1, predict vo and

Starting with this problem provides a high de-

gree of faMiiiarity for the student since Ae



haS'had re isti.ve circuits and is quite capable

of solving the problem algebraically. However,

the,instruc or could suggest a graphical proce-
:

:dure-as sugg sted in Fig. 2 and Fig. 3, a. concept

whit' is developed as'follows:

Fig. 2

RAIrlit
11r/W1r

4. Z298
< 0 Nktk

Fig. 3

E s

1.

ti

i

ed

/

voltage vo is-really

the voltage across El,

ab

and the desirercurrent

L is also
ab

then t e v/a characteristic
_

curve,at-the terming s a 'and -b are of partic-

ular interest to the olution of this problem.

The studentsibackeOund is adequate to derive-
;

the v/a characteriStilc curve and would be

familiar with 'he information shown in Fig. 2.

The student would also be able to look at

Fig. i and appreciate-equation Landquaiien 1.

v E - vo
o

ab

(eq.' 1) =
o

(eq. 2)
R R

L

If the student were :graph these two equations:

for current 4,he-wauld get the information:

'shown {on Fig: 3. :

The student can see from the graph and

equation2 that when = Of yo = 0,

The student wouldJalso recognize equation 1

as the v/a characteristic curve for thell
ab

across the terminals shown in Fig. 2.
1

However, this;,is a series circuit

there-is only onri Therefore; equations l'

and 2 can be

student were

and

RL.

.

set, equal to other. If the t
...

to lo'that, and solve for vo;

1

(E
s
) ( !lab )' --

would get the equation v
o

. -
R + R

_

ab L

.,:Now this is theequation the stUdent,would

have resolved for v
o

if left tohisiOwn endeav'--

,ors and the inf rmation developed in the resis-

tive circuits t pit.

Looking a.Fig: 3, v
o
can now be predicted

graphically, as welfTia..c., .y projecting

to the proper axis on the v/a curve for Rob

The answer to the problem

'

obvious to

the student befOre the graphical analysis
-' 1

approach was .presented. However, it does

give a firm and logiCal introduction to load-
.

line analysis and it will provide a stepping

stone to the text

'GU

r.

v s
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PILOT

'LAMP

Fig. 6

The student is now asked to predict v
o

and

in the problem shown in Fig. 4. The student

is no longer in a position to bypass the v/a

characteristics for the device at terminali a .

and b as was the case in Fig. 1. Now the v/a

characteristics at the terminals a and b become

. *

t

essential and-are presented in Fi . The"
.

solution is the same as the preVi problem-.

The big difference is that some v/ paraMetery

are necessary, to solve the.preb;im.. The student

is not as apt-to question WHY he load-line of

RL is "folded" across the acharacteristic

curves:shown in Fig. 6. The grapHical solu=

tion to the previous 'problemshould have

;answered that basic question, which is so

Crucial to understanding devices and how they

relate to the overall circuit.'

The instructor-can now point out the quies7

cent ppint, normally called the (Q) point, and-

begin the introduction to nomenclature needed

ater in the course.,

0 The student should now be allowed to vary -

the Circuit parameters influencing the'device .

at terminals a and b. He,soon finds that he

has twotvariables once he seleltS the deVice

at terminals a and b; they are a
s
and the value

of the resistance in series with tre'teeninals,

a and-b. Homework and.lab assignientsalong.

this line are of particular interest to the

. student and are very importgito him in

developing a feel for somezvery basic concepts
e.

used in the more advanced study of circuits-

ilcontaining active devices.

Ask the studentiO design 'circuit so

that the lamp will operate at a particular vo

and giving him the latitude to work back-

wards from the v/a,characteristic curve of the

device.

N
\*'?

ext ask the student f a m del could be

_-

constructed from the information on the v/a

characteristic curve of the device at terminals

a and b that would allow the use of techniques

developed in resistive circuits. What would

this model look like?

Next ask the student if this information
,

is available in a supply catalog and for him

to find out for a hothework or lab problem.

'/The next step is an obvious one and it

involves the connection of other NO terminal

devices at the terminals a and b and'to make

similar applications. Devices- that students



_enjw,Werkingwith 1 this application are Photo=

sensitive diodes, Theriistors, Pk diodes, for-

ward-and reversedbiated, as well as Zener diodes,

etc. "e
r' This graphical analysis technique dev5loped.

sl

Andent\i's important forhikfurther,

study pi'electienics devicl.sc,butia very impor-
t

t

Ntant,i,i-productlis obtaineit with thisapprOacii.-:

method gergetting a visual in-

-ierprefaiien1of what is, happening inthi=overall

Circult,-and.thii":in.turn,giVes him..a feel for
.

the terminal-Or port approach to ,the study of

these devices 16/ill be noted that the physics

4ncR ine :inique propes rtiei of the deVicearq not

WVie- analysis of the terminal Char-
.

they affect the circuit. '

This-,=darCbestzbe studfled under sub topics such

,ias;-temperature coefficients, energy, levels,

. %minority-Curienf carriers,,ett. at a more apropos

time,.andiallows the stu ent to move into a very

praCticai study of devices .their terminal char-\,

.acteristics and how they Operate in' the circuit.

The liumition Three tetminats Deviee6

A suggested starting point is with a'-tract:

sistor sincejit is current.drivenand this is a

,problem for
/

some students and teachers if they

Study voltage.driven devices first. A three

terminit'device *cOuld be considered as shown in

7.

and still allow him to do quantitative analysis

work.

4

Some general information can be given to

the student about a transistor if the insiruc-
.

this point, but he couldfor so desired at

rely upon a general. interpretation of the out-
10

put v/a characteristic curve for a common'

emitter and movelvery quickly.into
1

situation. The important thing to remesibei-
1

.

when presenting this. material to the student
.

is to keep the nambelLo'S component. to a

minimum. :Therefore, tote circuit in Fig. 8 has

many 'advantages for teaching this concept be-

cause it involvesihree components, WO re- ,

sistors and a NPN transistor.

C

c
(ma)e

ib +lc +1e's 0

Fig. 7

The student is told,to reference one of the

ferminals,.for example, as wastermlnal b back

inlFig. 1- and Fig. 4 of /the two terminal dqvices.

Approximation values are used at this point

to help the student get the feel for the device Fig. 9
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The eh- racteristic curve for the transistor

shown in Fi. . 9 can be shown and qualitatively

explained o tha. student with the assistance of !

the inform Lion shown 10 and Fig. 11.'

The formula ib is approximately equal-to

v
cc

.

and lit is represented in both Fig. 9'& 10;1,

Rb
--...

\

The.ouiput v/a characteristic shown in\

Fig. 9 bemes easier for the student to co0=

prehend )4lcoith techniques illustrated in Figures

10 and IL' This helps-the student visualise

c
and vice whewib is equal to some-predeter-

mined alue. rig. 11 no/u represents a problem

simil r to the two terminal problems previously

.disc ssed, and of course can'be handled simi-

, larly.and is illustrated inFig. 12..

The (Q) point can now be discussed as the

point dependent upon ib and the intersection\

16f the load -line for R Again this is an

(attempt for the student to visually interpiet

some basic properties involved -a the study of7 three terminal device. This particular one is

a current driven transistor.

Now is a good time to; illustrate both il.

a class discussion period, as well as in the

laboratory, the concept of saturation, cut-off,

and the linear region of.the device,- also an, -

apropos time to diseuss.the influence of,

vcc, and the value of RL along with the partic-

ular characteristic curve of the-three terminal

-current-driven device selected. E.xpoingthe

student to high and low beta transistors along

with the transfer function involved in beta,

-and-its graphical explanation, becomes very'

helpful and meaningful to the student. The

"a-c" load-line is discussed at a later time

as there alWays seems to be a little misunder:

1 standing in what is entailed in the selection

oe the a-c load-line not to mention the effect

of capacitive coupling. Signal processing can

be discussed using'only the d-c load-line.

Most authors do a very satisfactory job in de-

veloping the a-c parameters of this circuit,

if the teacher feels it, is necessary at this
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'time. (CAUTION: keep coupling CaPaciters LARG

R.

). Signed. oh aveSoitm Phemiding

Stude is have an orientation

it comes to model constructs n for

vices such as the one illust ated in
.

The problem results from students not

a clear understanding of theidifferenc

the quiescent power flow conditions of the

circuit and the overall signal paramete s.

The helpful -technique or getting t

student started in model construction for

analysis purposes is to begin with a circu

such as illustratedlin Fig. /1S. .4.7-"' is ex-

plained to the ctedoltas being.apower sou

but a signal ground point. The students' ba

ground in circuit analysis with Thevenin's

..

P (CONSTANT)

F'g. 13

lcircuit.teduction techniqu s allows Fig. 16 t

:be logically explained:
. The next step would be to doraiMild-f-aii-al-

-The,student,will'also notice the voltage
ysis with. a voltage ',driven device such as-FET, or

° polarity refeiences shown/in Fig. 15. Laborato4a triode tube. Another legical:siep in the devel-
clarification may be nece sary and helpful.

I

Looking at Fig. 16 the student can be

,orientedto.r:from the standpoint that ter-
P = eZby going cle4r back to Fig. 2 and devel- 4

minals b ancLe have a voltage across them as
opirvthis.curve aslillustra'ted in ,Fig. 13.

opment of these concepts would be to-w81.k with a

power curve, in terms of the basic formula,

I- Apply it again to two and three terminal

devices andmake:re erence to supply catalogs.

The d-c load -line r RL is a logical place to

:develop switching,

in

and other basic
I

concepts involved n the study of devices and

their related circuits. It is also *an ideal

place toget the student to develop resistive

models for partimilat points on the d-c load-line

so that he may apply network analysis techniques

to solutio s, and th reby set the stage for .

advance wo k.

well as a current flow between them therfore;

there must be a volt /ampere ratio,

.31 vin 1

. r =

41,

The same is true of terminals c and e called

ce
=

0 4
ce

The beta term has. been developed from pre-

vious
I

work with the d-c load-line. The model

constructed in Fig.,14 is now easily explained

to-the student and cV course will fit into

o.

. Fig.,16.

The significant point to

make' at this time is that signal

flow is normally in a horizontal

direction across a schematic

diagram, whereas, power flow is

in a vertical direction.

Once again author59havt a

very satisfactory approach to the

Fig. 14
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development of a-c parameters for these devides.

Students have very little problem once they have

clearly distinguished between the two basic prob-

40ms for three or more terminal devices, that is

the d-c or quiescent conditions versus the signal

-parameters.

A

J

Once the student is able to appreciate the

qualitative aspects of thep models; he is in

a position to utilize techniques developed in

his circuit amilysis sequence to study and pre-

dict the signal response of active multiterminal

devices.

Vc c

Fig. 45

Fig. 16
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LABORATORY GUIDELINES FOR RESISTIVE ELECTRONICS

. The subject of Resistive Etectnonics is de-

vice oriented and as such,it is also laboratory

oriented. In other words, the classroom topics

for discussion are largely controlled by the con -
\

tent and sequence of activities in the laboratory.

The projects that are presented here are, there-

fore, suggestive of activities for boththe.class-

room and the laboratory. The information pre-

sented with each project is in general terms as a

guideline for theeinstructor. More detailed in- '

formation and instructions are°needed for the stu-

dent. The projects, it will be noted, follow the

sequencing of topics as previously presented in

the outline. Make good use of specifications and

catalogs.

OLoject No. 1: &eitcli-i.ng Devices

I. The student will sketch schematic diagrams,

using standard symbols, and set up circuits

in the laboratoryto do the following:

A. One switch for on-off control of one

light bulb (#44).

B. One switch for simultaneous on-off con-

. rol of two light bulbs (#44 and #47).

C. One switching device to control the two

bulbs such that one is on when the other

is off.

D. Two switches to control one bulb. Either

'switch can operate the light bulb.

E. Three switches to control one bulb. Each

switch shall operate the bulb.regardless

of he position of the other switches.

II. Investigation of the mak;ng and breaking

voltages of selected relays.

A. Know the type of switching action repre-

sented by each relay.

B. Comparison of voltages required to open.

and to close a relay.

III. operation Of reed switches in a circuit.

IV. Investigate the various switches available

as time permits, Be concerned with: Maxi-:

mum frequency, rf power, type of switch con-

tacts, life expectancy, voltage, ratings,

connections, price,,etc.

Ptof,ect No. 2: Putective Devices

I. Fuses: Inspect a variety of fuses as to

current rating, resistance, voltage drop

under full load, time to blow, and other'

characteristics.

II. Circuit Breaker: Investigate and explain

how a circuit. breaker works. Investigate

speed'of operation.

Pltojec4 No. 3: Cats and Sate/ties

I. Identification of defective cells in multi-

% te;minal batteries. . -

II. Finding internal resistance.

III. Circuit analysis problems using cells and

batteries. (could be a homework assignment)..

A. 'A f w problems on finding internal re -.

sis ance for given circuits With neces-

sary information' to do this.
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B. Circuit analysis problems where internal

resistances are given.

Puject No. 4: Light PkoducingDevica

I. Inspection of a variety of bulbs as to style

and base. ,

II. Determination of volt-ampere graphs of ar

light bulb (#44) 'to concentrate on its non-

linear properties.

III. Operation of a bulb at different voltage

ratings to observe brightness as4a function

of voltage (within ratings, of cour-e).

IV. Investigation of a relaxation oscillator

"using a neon bulb to observe frequency

control, resistance control, capacitance

control and voltage control.

Moject No. 5: Light Sens-acve Dev4ces

I. Operation of a photo cell in a circuit,

using the scope for observations of wave-

forms, etc. Use different ypes of cells.

II. Measurement of resistance characteristics

of photo cells.

III. flow photo cells can be used (circuits) to

control larger devices.

IV. Sensitivity of photo cells to wavelength

spectrum (classroom).



tf

1%qt-1a Nj. 6: torwatter.e. Seas,iti.vc Devica

I. InvestigatiOn of thermistors as to effects of

temperature Change on current. Observe

thermal run-away also.

II. pvestigate the operation of heat-sensitive

detectors.

III. Investigate the simple electric thermometer

for the purpose of preparing a graph of re-

sistance as a function of temperature.

Moject No. 7.: EtectnomechanicaR. Devica
. _

I. Sound producing devices:

A., Measurement of the D-C resistance of

earphones.

B. How to connect several loudspeakers (4- .

ohms each, for example) to operate from

a 4.gohm output of an amplifier.

JI. Study of the'operationof motors (assuming

a motor kit is available).

A. D-C motors:

1. Operated with bar magnets.

2. Operation with electromagnets.

-3. Important motor principles.

, Split-phase capacitor motor:

1. Without capacitor:

a. Will not start without help.

b. Will run in either direction.

2. With capacitor:

a.. Will start without help.4

b. Direction of rotation dependent

on connections to auxiliary wind-

ing.

c. The capacitor is bipolar electro-

lytic.

3. Principles of operation.

C. Motor-generator system:

1. Mechanical coupling.

2.. Generator loaded.

".':: principles of operation.

Now is an appropriate time for an examine-

tion,-clasuoom type and laboratory type.

The classroom examination should have been

questions, each one of which is answered

briefly and to the point. The laboratory

part of the examination will test students

NOTE:

on connections and operationef specified

circuits.

Pnoject No. 8:. Vott-Ampene Chaitactuatic4

Diodu

The volt - ampere characteristic of a number

of different diodes are displayed on the screen

of an oscilloscope. Or, a curve tracer instru-

ment could be used. In either ease, the vertical

deflection will be the-current and the horizontal °

deflection will be the voltage. If the oscillo-

scope is used, the student will need information

on how to set up-the circuitry aneconnections

to the scope.

Compare silicon diodes with germanium diodes

with Zener diodes of different ratings.

Puject No. 9: Simpte Diode CLAcuita.

I. An audio oscillator is 'onnected tO a series

circuit containing a given resistor and a

given solid-state diode to observe and .

%terpret the following:

A. Waveform across resistor at different

frequencies.

B. Waveform across diode.

C. Effect of reversing diode in A and B.

D. Filtering action with a capacitor across

the resistance.

II. Operation and waveforms of a full-wave rec-

tifier circuit.

Diodes operated with reverse voltage.

A. Silicon and germanium diodes.

B. Magnitudes of reverse current.'

C. Temperature coefficients considered.

Pnoject No. 10: Zenek Diodu

Set up simple series circuits with one re-

sistor and one or more Zener diodes in series.

A. Use D-C source and observe or determine:

1. Current for given values of series

resistors, with and without a load

resistor across diodes.

2. Value of resistors for rated

currents.

B. Use sinusoidal source. Observe and in-

terpret waveforms, recording all D-C

levels.
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Paoject No. 11: The SCR and Thiac

Good circuits for this experiment are found

in manufacturers' handbooks. Studies should be

made with both - D-C source and an A-C source. '

For the D-C source study, simply connect the

.source in series with a light bulb and the SCR.

: To trigger, connect the gate to a low voltage

bias supply. This can be connected or discon-

nected by hand.. The student should observe that

-the circuit-is activated in this way. But, to

turn the bulb off, the main circuit must be dis-

Connected.

With an A-C-circuit, the amount of conduc-

tiOneach-cycle-is controlled by the signal to

'the gate. The waveforms should be studied.
. %

= NOTE:. This is a good time foram examination on

diodes. The questions should cover symbols,

waveforths,, circuit diagrams, spedifitations,

ratings, etc.

Pito _lea- No. .12: Ttarm izto AA

Activities for this project involve:

A. Testing of several transistors:

1. Is it an NPN-or a PNP?

2. Is it defective in either or both

junctions? Check the resistances

under reversed bias conditions.

B. Operation of a simple transistor circuit

with D-C biasing control only.

1. Conditions necessary to place tran-
1

sistor in the active region. Use

volt-ampere characteristic curves

as a guide. .

2." Check operation of transistor cir-

cuit under temper ure changes.

C. Operation of transistor amplifier with

a sinusoidal signal and observe and in-

. cerpret:

1. Conditions for linear operation.

2. Inversion.

3. Distortion. '

4. Clipping of waveforms when over-

driven.

Paoject No. 13: Unijunction tkamoizton

A study of the volt-ampere characteristics

, -,

of a unijunction transistor and its operation

in a relaxation oscillator circuit.

Paoject No. 14: FET4'

A study of-the volt-ampere characteristics

and the control and operation of FET in a simple

amplifier circuit.

Paoject No. 15: Vacuum Tube CincuZU

The total curriculum will not devote much

0 time to vacuum tube circuits. This project

shOuld be more Of a practical circuit than the

other projects of this course. As an example,

the student would study a two-stage circuit to

operate a loudspeaker, where a signal feeds an

amplifier, then coupled to a power amplifier and

then to a speaker. The student would concen,

trate on the voltage gain of each stage.

S

A'TVPICAL FINALEXAMINATION

o The objectives for the subject of Resistive

Electronics are illustrated by the types of ques-

tions included in a typical final examination:

A. A set of questions in which the student

gives the schematic symbols for a num-

ber of devices. The terminals are iden-

tified if necessary (fuie, thermistor,

battery, diode, abbreviations for

switching conditions,
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Zener diode,

diac, SCR, triac, PNP and NPN tran-

sistors, unijunction transistor, etc.).
0

B. A set of questions in which the student

is required to sketch the typical volt-

ampere graphs of specified devices.

C. set 6f questions that

1. Sketching a schematic diagram for

specified control with switches.

2. How the frequency of a relaxrttion

oscillator is controlled and why,

3. How certain types of circuit

breakers work.

4. The kind of temperature coefficient

for a thermistor.

S. How the resistance o4 a photo cell

changes as a function of light.

6. When to use an FET rather than a

transistor.



7. Definition of B.

8. Definition of

9. Sketching of waveforms for given

dibdecircuits.

D. A set of questions where strident is Iv-

quired to sketch circuit diagrams to

perffarm\certainispecified functions:

1. A workable unijunction transistor

circuit with waveforms.

2. A basic transistor amplifier cir-

cuit complete with bias, input and .

output waveforms.

3. A light-dimmer circuit using a diac

or a triac:

O
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. \
4. A tunnel diode circuit\hat will

oscillate.

S. A relaxation oscillator neon

bulbs.

E. Design of a single-stage tube-type \amr

plifier. Specifications and limits

operation are given. The student wilfS'

1. Draw load line on the characteristiq

curves provided.

2. Decide on Q-point.

3. identify plate current and voltage.

4. Amplifieatlion of circuit.

0



PULSE ELECTRONICS (ELECTRONICS it)

DEFINITION

Ogt4e Etectuiu is a study and analysis

of active circuits in which the electronic de-

vices are operated in the switching mode.

MAJOR CONCEPTS

SinCe diode actions occur when electronic

es are operated in the switching mode, thisdevi

mean that two or more circuitmodels are needed

for. he-analysis of pulse circuits. The student

must come to fully appreciate the concept or

circ it models and the changes that can.occur

in t ese-circuit model%. Then once the possible

cir it.-models.are known, it becomes a normal

kin c} -of- circuit
-.. .

it analysis problem provided the

Student.knows the conditions and the time inter-

vals under which a model is applicable.

. The teachiligand learning problems for the

. .

course are.larg.51ygrelated to a student identi-
,

ficatien of the circuit models rather than tok

the analysis of these circuit models. This sug-

gests that much of the desired_learning and know-

ledge will not be developed if the instructor

ways identifies the circuit models for the

stu ent.

BEHAVIOR4OBJECTIVES

The siWent upon successfully completing

the course shOidd have the ability to:

. a. Analyze, wiih\ease, the response of any

electronic circuit where the electrohic
\

devices are oper0ated in the switching mode,

provided the circuit models are restricted

to resistive circuits and STC circuits. A

large majority of the practical circuits

will, fall within these restrictions.

b.. Select a circuit and design the select-

ed circuit to give a desired response such

as: An output pulse of controllable time

duration, with or Without a prescribed de-

lay, and with prescribed magnitude limit'a-

tiOns: A ramp function with a prescribed
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degree of linearity and with prescribed time

durations and magnitude limitations. Select

and design logic ciXcuits, clamping circuits

clipping circuits, the multivibrators, the

Schmitt trigger circuit; sweep circuits, and,

signal gating circuits.

c. Understand triggering tecbniques, where

applicable, and to select and design appropriate

triggering systems.

PREREQUISITES

The subject of Pulse Electronics shall have .

the subject areas of Resistive Electronics and

STC Circuits as the primary prerequisites as

illustrated by the following flow chart:

ReSisti e Elect.

Resistive Ckts.

\kilo
PU E

STC's tomm.."
ELECT ONICS

Linear Electronics

INTRO

OUTLINE

This topical outline for Pulse Electronics

shodld be regarded more as'a subject-matter

package rather than as a course. See Chapter

10 for specific suggestions as to content by

courses on quarter and semester plans.

Note: The Out tine 6o/i. Naze rtectun4 cs. begins

on the next page.



I. _Resistive Diode Circuits

A. Single diode circuits

1. Sirgle-locip (series) circuits
.

a. The four basic diode clipping

and limiting circuits.

b. Control of limiting (clipping)

level with biasing voltage.

à. Influence of diode forward

resistance on circuit design.

d. Influence of d'ode-back resistance
2.

on circuit depi n,

e'. :Influence of diode resistance

atio on cir

f: Influence of olt-ampere non-

linear characte\ristics on

,circuit design.

Multiple -loop sing e diode circuits

equi e of two or' more

esiStances and one or more biaging

OUTLINE FOR PULSE ELECTRONICS

ltages and a diode.)

Techniques of finding the Critical

vslue:of e to place diode in
--s -.._.

transition state.

1. By assuming diode is non-

conducting and setting diode

voltage to zero.

2. By assuming diode is conduct-

ing and setting diode current

to sero.

3. Value of Thevenin's and

superposition theorems.

b. Control and influence of

attenuation factors when diode

is not conducting.

c. Circuit degign to control transi-

' tion level of diode and, conse-

quently, the circuit response.

Multiple-diode circuits.

II. ReView of Exponentials (voltages and

currents expressed as a function of

time)

1. The general equation for a volt-

age or current exponcintial.

-t
T

c
V =
t as

- (E
as

- E c

-t
Tc

it = I
as (1as Io) c

2. as = 0, or E
o
'= 0, as special

cases.

3. The slope at.any point onLthe

exponential, including initial

slope.

L. Finding the voltage or current,

at given.instants in time. '

5. Finding the instants in time-

at given voltage, or current,,

values on the exponential.

tl -t
o

=T
c

ln
E
as

- E
o

E
as

- E
1

6. Calculations over small portions

of an exponential.

7. Conditions for assuming expo-,

nential has reached asympototical

value.

8. Per cent'(or per unit) slope

deviation - a measure of non-,

linearity for a portion of

exponential.

'Resistance Switching in RC Single-time-

Constant Circuits. (Circuit models

.derived from practical electronic cir-

cuits.' Switching ccOditionsdefined--
.,

r

1. The number of different possible

circuits is one more than number

of diodes.

2. Response' of two-diode circuits.

3. Response of three-diode circuits.

,no diodes nor transistors in the

models).

A. Conditions defined such that one or

more of the exponentialsjcomplete..
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* Output voltage across resistive

branches.

a.' With and without biasing

voltages.

Voltage across total equivalent,

resistive Portions 'of circuit -

excluding only the capacitance

voltage.

c. Resistive circuit attenuations.

Voltages across a portion of

equivalent. resistive circuit..

2. Voltage across capacitive element.

a. RisdokiMet. e .

b.- Techniques of"generatingramps.

Sawtooth,, or repetitive sweep

waveforms.

d. Recovery times.

e. Capacitive attenuation of steps-

(single-time-constant circuit

with two capacitive elements).

Conditions defined such that none of the

exponentials complete. (Requires area- (

ratio concept).

1. Sinusoidal Source - Capacitance is .

arbitrarily large.

a. Output voltage across equivalent

resistances., (Here, there will

be no distortion of sine wave -

only d-c displacement dependent

on re-a-Stance-ratio)

be Output voltage across a portion

of equivalent resistances.

'(Here, positive and negative

portions are attenuated different

amounts.)

2. Reciangular SOurces-,

a. Output voltage across R
eq

of the

possible circuits.

1. Time-constants small.

2. Time-constants interme &iate.

3. "Time-constants large. (Here,

output steps are equal' to /

input steps.)
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b. Output voltage,acrois a portion

of resistive equivalent circuit.

(Here; output steps rare atten

uated. Positive and negatille=,

going steps may be attenuated

by different amounts.) -

RC-Diode Circuits (Single- time - constant.

circuits having only one diode.)

A. .Ali'time-constants are not large,

(Use rectangular sources only-)

The.two equivalent circuits%

' 1. One with diode

conducting.

2. One with di'Qde not

conducting.

b. Controlling ,04 and OFF' times

of diode.

1. With time constants.

2 With biasing voltages.

3'. With magnitudeof'dources.

c. Possib'e waveforms, other than

the.rectangular wave, that can

be generated.

1. Positive spikes only.

2. Negative spnesp4y,..,

3. Positive spike overshoots.

4. Negative spike

undershoots.

d. Holding diode off completely

with biasing, or pulsed:

voltage.

B. Clamping circuits (Requires high

resistance ratio).

1. The three basic clamping circuits

dependent on location of biasing

voltage.

... Biasing voltage in series

with diode.

b. Biasing voltage in series-

with resistance.

c. Biasing voltage in series

with parallel combilmation

of resistance and diode.

1

0



2. Conditions for clamping. 2. Output circuits.

. -°a. Positive-peak clamping. a. Variations of resistive

b. Negative-peak clamping, circuit loading. ,,,

3. Conditions for no clamping. b. Variations of RC loading.

.4. Response of clamping circuits to 3. Waveforms generated,

different soUrces. a. Square wave output from

- a. -Rectangular sources. sinusoidal sources.

b. Sinusoidal sources. b. 'Output pulses of controllable
.:-

...:

c. -Others as desired, such as - time durations ftom RC input

saw-tooth waveforms: circuits and rectangulsar
. .

5. Avoiding clipping effects in Waveforms.as source.

clipping circuits. c. Ramp outputs with_C-1dading...._
1

_

Trinaiator Circuits without Feedback..
,

d.. Trapezoidal outputs with
.

A. Review-óf Transistor characteristics . '
.

RC loading:
7

iwiiii,eMibiais for overdriven applications.
. . , .

e. Positive spikes, or negative . .-,

i. --10E(81) and dependence on RL spikes, only-from RC-diod.

2. I
b
-=-0_characteristic

loading. . __ ,

, .

qta . Interpretation
,

of Leakage
4. Similar studies with FET's.

\

current and-resistance. _

C. Analysis of two-stage transistor

1), Conditions for collector current

to behzero:%

I (SAT)
a 3. = c

hFE
Ib

4. Base-to-emitter resistance

characteristic'.

5. Collector junction°reverse voltage

characteristic.

6. liaitter junction reverse voltage

characteristic.
4.

7. Base-to-emitter properties as a

'diode.

8. Collector-to-emitter properties as

a diode. °

B. Analysis of single-transiator circuits ,

operating under switching condition.

1. Input Circuits (Evaluate vbe/ib

and v
ce

)

a. Variations of resistive coupling

(Circuits similar to Part I -

Resistive diode circuits)..

b. Variations of R-C coupling (Cir-

cuits similar to Part IV -, RC

diod&circuits).
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circuits,

1. Resistance coupling.

2. RC coupling. ,

3. Like transistor circuitry.

4. Complementary transistor circuitry.
. 4
VI. Regenerative Circuits.

A. Astable Multivibrators.

1. Normal operation (Transistors

biased to saturation).

- a. Evaluation of waveforms.

b., OFF-times--for--eda7-transisto-F.
_ .

41

c. Rise times.

to
d. Recovery times.

e. Synchronization of Astable

-Circuit.

/1f. Unbalance limitatio.

2. .Abnorma1 operation (Transistors,

biased in active'region).

a. WaveforMs generated.
4114

b. Interpretation of waveforms.

B.. Monostable Multivibrators.

a. Triggering techniques.

b. Two types of circuits.

1. Fixed bias.

2. Self bias.



7.

ti

c. Principles of/op,ration,

d. -EvaluatiOh,TA waveforms in both
, . ,

types'of.eircuits. .

e. Need foi/unbalanced circuit.

Bistable ltivibrators, or Binaries.

a. T 'ggeiint techniques.

b. Principles 'ofoperation.

D. Schmitt Trigger 'Circuit, or Vcltage

level Aiscriminitor.

.a. Purpose of circuit: 1

'b. -Principle of operation.

c. -Need for unbalanced circuit.

d. Hys1teresis problems and methods

1

1

automatic industrial control systems, automatic

monotoring systems anc automatic measuring sys-

tems that are dep ndent on the functions that
r

can. be performed' ith pulse circuitry. TheSe

kinds of systemsl
1

operate in the time domain

where events of Operation are in'a required

time-sequence and/or synchroni ation.

The particular circuits, wi in these/sys-1ft

tems have-the-three.-general functions of,

a. Generating required wavefOrms.

b. Holding ,4 required voltage,' or current,

oriaPrescribed period of time. //

c. Providing accurate time references for the;

time-sequence event.of improvement.

E. Logic' Circuits:

,_4, .AND

c. NOT

d. NAND

NOR

NIL Special Purpose Deyices and Circuits.
. .

A. UnijOnction Transistors.

1. _Volt- ampere characteristiCs.

2. Relaxation. oscillator circuit.

. ,

The Generated Wave6ohm6 and ,E4144icance

In general, the kinds of-wa eforms asso-.

ciai dwith Pulse circuitry are an ing afher
-

thaii sinusoidal. For the most part, the, e

B. SCR's.

1. Volt-ampere characteristic.

2. Applications.

C. Counters.

1. For controlled delay.

a. Decade counters. I

b. Counting.to any number.

2. For Storage Of Count.

D. Phase Shift Registers.-

E. Diode Matrix.

generated waveforms are,

a.'pulses of,controllable,time_duration and

magnitudes.

b. Pulses \with Eon ro able time delays tn-

.' ' cluding,"dead" tine between successive

pulses. \

-c.'Positive and/or negative spikes and.

'pulses of\small time, duration.

d. Ramp. functions of Controllable slopes,
;

magnitudes and repetition rates.
, //%

In Other words, the most important wave-

11
GENERAL GUIDEJINES

TheseiGENERAL GUIDELINES identify the

concepts, subject matter and techniques of

instruction, that. are most important for the

instructor to.keep in mind., Mere specific

guidelines for/classroom and aabbratory activit-

ies win follow these general guideline?.

Geneitat Rezion.se FunetZois 06 Put6e, OZzettitny

There are a great
4
number and variety of

-

_

form% in pulse circuitry are pulses, square

waVes-, spikes, ramps or'sweeps. Otherispecial-

ized waveforms may be required. In'any case,

the out'ut waveform of a_particular circuit is

different-than the waveform which drives the

circuit. Some of 6el-Pulse forming circuits

are oscillators that require no driving func-'

tion.
--

With these kinds of waveforiSAge sequence

of events is timed, When scientific data is

gated for measurement, and thformation and

,events are clearly and accurately' identified.

The Thnee Majon,Divizions 06 Puke 44etaks

Coupe

- Pulse Circuits can be divided into three

174



.Major areas of study.

1. ;Study, of fundamentals-.---

2. Analysis of the basic electronic circuits

used in systemsto generate required-waVe-

: forms.

:3', Special purpose circuits and sub-s'ystems.
, -

ACtandamento44.

' The fundamentals for Pulse Circuitry in-

iwo-basic t4ypes of circuits.

1.'11esistive-diOde-circuits

'2:-RC,diode circuits
.

ThiS-suggests that the coupling'from.a.

ource 0.an:ereptronic deviceand between .lec-
I

tronie-deVieeS iieither 4e.6-ativeleougt.ng or

-RC-douptAmeTfor most cases. Since' the electron-

-

The teaching of pulse circuits requires a

careful selection of sequencing and g&ouping of

;topics. Emphasis, must be placed on the response

of a circuit and how this response might be

changed.

Speci,at Puitpose'Cikeuite,' and Sub-bystem5

Cfilcuits to perform the,foflowing functions.-; ,

are illustrative of the special purpose cir-

cuits as interpreted for this course.

a. Diode matrix for readout of dkgital counter

b. Current devices for magiletic,steragi ele

ments.

Modification of sweep circuits for linear-

ization of ramp function.

d. Driving circuits for SCR's. There are a.

ie_AeViceS4Clike one or more,diodesT'When 'number iof variations.
. ,

, -,',..1'.,

Operated in-theswitching mode' then it becomes 1 e. Current summing circuits,for d:A conver7
1 ,

Very;iMporiant-to-understandhe64iiive;=diode'ciii- I,. ion.
.

-dilai -and=.32C-diode2,gitcuiU. A reasonable uraii-r i. :Special coupling technIqUes. -

,Standingof theSe two types Of oircuits makes it g. Phase-shifting techniques:

possible to interpret and analyze the response h , Rotating electronic switches.

-Of-the remaining circuits and sub - systems ')f the i. The trinary counter.

.course with minimum,difficulty. The students ,f i. Cho.
will

I

actually develop an ability to "read" cir-

cuft--xesponses.

."NZ

The aaoie 4eetrinie. Caeu.U6

"ThepeInt'should be made, first of all,

thatthe devices of pulse circuitry are semicen7L

Auetor devices and I.C. packages. Studies with,

vacuum.tubBs are not necessary and are discourag-
,

Olie could list a large number of bas'ic cir-
;

cuits (clippers, limiters, clampers, pulse

stretchers, differentiatoii, integrators, -relax-
,

ation os.illators, the multivibrators, sweep

circuits, Schmitt trigger circuit, ..,) that are

common'knowledge. Invaddition there are cerfain,

pulse.shaping techniques where the circuitry is

net always conveniently identified by a'name for

the circuit.
1
Thej techfilques may involve no

more than changes in a bias voltage, or a iime-

constanI, or ,a resiqtance.ratio, and so on. In

'other'wOrds the circuit configuration may be the

same for a large variety of different responses.

:ed.

pers. '

uh-systems, as defined for this course,

follinclude ,t

a. Counters%

b. Shift-registers.

C. Delay units.

.d. Scanning techniques.

e. Memory techniques.

Synchronization sub-systems within complete

systems.

TheMajoh Concept Son Anaiy6i4 o5 Pats Ci4emi..24

o
Since diode actions occur when electronic .

devices are operated in the switching mode,, this

means that two or more circuit models are need-
I /

cd for the analysis of pulse circuits. The stu7.!
'r

Aent must come to fully appreciate the conce

of circuit models and the

in thep circuit models.

circuit models are known,

r
changes that can occur._

.

Then once the po4 ble

it.becomes a no 61

kind of circuit analysis,problem provided. he

student knows the conditions and time intervals

under hich a model is applicable.

1.75 ,
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he-Sigaigeaat leduatiaez Sore the Ahatosis- 06

-Ecteir--C' A
q.cuit140det

/
7.71plying/Thevenin's theorem and the super-

position theei.em are extremely valuable tectiniq-

ues 'for the nalysis of the various circuit mod --k
els.bf-pul e circuitry.

:hie enin's theorem becomes especially val- .
'uable an -eVen-eiSeitial in some cases. It perz.
17 1

Mits.identificatiOn of resistive-attenuation

':facto s -when-needed and the identlfiCation of the

time
-f

constant of anAexponentialas well as,the

'as Ptotidal value. of that dame exponential. An

tdoI .. 0.9K

20
es_

2.02,
0.02
'V0

19.8

m.100 us

C

10 T2 691.L.s
714.

,

(b)

The, two equivalent circuits,

/(a) e diode nonconduct(ing and

,(b) Thesdiede (ideal diode =side ed

I conducting. ,Notice twavimaCH6-
/

/ of Thevenin's theeremifor circuit (b)

and the, advantage of t
;

he attenuation

factor in fincivo from vo. Notice,

also, that th time - constant and thlr
,

asymptotical altiaate easily doter-

mined for vo in the first circuit and

fer,v0 in the,second circuit. ,Simply

attenuate to 'get the true aiymptetical'

value for vo 3n the-second circuit:

The Thevenin's theorem isi of course, applied

E_-- 14 y
,oly to resistive portions of pule circuitry.

Tc=

IG 1, The given circuit model

; =
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Vaiether the circuit is purely resistiveor whem-
./

ther the circuit contains capacitance (or induc-

tance in a few cases), this technique of ,using

Thevenints theerem needs to be'1 emphasized.

/

.

.

A
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The second very useful theorem to assist

in the analysis of\p,u Ise-Circuits is the super-

position theorem. Again, this theorem should

be'applied only to resistive portions of such

'Circuits.'.An example will illustrate.

,.-
FIG 3 The given circuit model

illustrates a circuit Mod-

'el'thlt in. many different situations

where'two satit:es'are involved as inditated. The
.-

twoequivalent-circuits (diode conducting, diode

I not- conducting) .ctuld :be sketched as iU the

.earlier illustiation.° The Uoltage-; e
2

is often
. .

4-4=c soArce., 'SoMetimes, it is pulses. The vol-
- ...

tage-el_Might-he any kind of waveform.

The superposition theorem comes in as a con-
_

-Venient to13 -because of a summation ot two terms,

in thip-cas' . One -term involves an attenuation

of e
4

and othdr term involves an attenuation'
.

of e2. Thus lOh diode nonconducting,

R`

= e
o . 1 -R1 * R2

+' e
2 R + R2

2

"Knowing the superposition theorem permits the

writing of thiS equation immediately. This is-

Much more convenient than trying to solve for

the voltage across R2 and then addig 'e2, for

example.

.

Taking Advantage o6 Knowtedge o6 exponetias

Whenever an exponential response is known to

exist (steps-or ramps applied to STC's), empha-

sis should be plpeed on identification of tie

three significant quantities of each exponential

(Ea, Eas and rc). The student should be dis-

couraged in wanting to find a voltage on a capac-

itance, whenever possible, in order to eval-

uate the exponential response. Practice in

thinking directly to the exponential will pay

big learning dividends. This-point has been

emphasized for the course on STC circuits,

which is a prerequisite to Pulse Electronics.

GUIDELINES FOR CLASSROOM ACTIVITIES
./.

Information and suggestions oreseLted here

are pertinent to classroom instruction. Guide-

lines for the laboratory will follow.

RmiZtive Diode CV cuitz

From Resibtive Ceeettonice the student will

know the volt-ampere properties of diodes. hi-

cePt for limited review of these V/A character-,

isLcs, a diode symbol should be regarded as.

an ideal diode. Diode dificuitdi sketched 04

the paiipme 04-an:Ity6i4, become ciacuit mod-

Modifieation of a circuit model to in-

clude the buck resistance, forward resistance

end a biasing voltage will adjust the model

to more nearly represent the real conditions

when desired as a part of the analysis.

Single -loop single-diode circuit models are

normally quite easily mastered by the student.

Consequently only a little class tiMe(fraex

tion of a period) should be used for a discuss-

ion of the response of such circuits.

The multiple-loop single-diode circuit,

suJi as shown 4n,Fig 3 of Geneitat GUidetineb,

should be presented with eensiderable core for

the pia:post-of emphasizing a technive of anal-

ysis that will also apply to circuits.having,

two or more (Uncles.

The recommended technique for the analysis

of resistive diode circuits is one in which the

student mum; find that particular instantaneous

quantitr of e5 required to place a diode in

its transition state. This is done by setting' %-

the voltage across an "opened" diode to zero

and solving the resulting circuit model for es.

The same answer would result by setting the

current of an assumed conducting diode to zero,

177
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biit-thiS is more difficult than working with the

assumed "opened" diode. This information on the

critical value of e
s

informs the student when to

use each of the two circuit models relating to a

diode,4 one,dircull with thdiode conducting

and the other circuit with the diode nonconduct-

ihg.

A majority of the -class time allotted to re-

-. sistive diode circuits should-be used in the st-

udy Of circuits having two or more'diodes, Most-
.

ly with two-diodes and some workuith three dio&

es The Student needs to work a *lumber of these

probleis-iihtil he understands the technique of'

analysisTreaseddbly'seil, -Ofie typica/-two;diode

cireat 3,in_the-1.4boriatoky

AtZdeein44': Thi.circuit May-be changed into
' -

'd-sumbef-problems by reversing either or both
_

dttA.hy,cionging anx0oftho possible resist-

inee,rati44 by changing themagaitu4e of the

'd=e-valtages.andhy ehanging_the location for the

-output voljago! Iiimaking such changes, it
- ;

sho11/6 be...understood that anything that can be

made to happen or not to happen could be a

practical hind of circuit. Do not worry about
-

qes"-and -"No" situations for these are the

_possible requirements of logic circuitry.

Nog, if a student can. work a three-diode cir-
.

unit, he. has it made and will have no more ser-

isms difficulties on how to analyze any resistive

diode--circuit,

One of the major learning difficulties with

diode circuits is that the student thinY he needs

to know whether a diode is conducting or noneon-

ducting-belore he starts the analysis. This in-

formation cannot iilways be known in advance and

the student must come to understand that this is

a part of the analysis problem. Find the criti-

cal value of for each diode and then, proceed.

Thire is a second technique of analysis, not

recommended however, where a .tAuth .table is eq.-

teblished to represent all on and e66 conditions

for the diode. Eight possibilities will exist,

for example, with a three-di.xlc . Pis

would indicate that there would be eight possible

circuits. This is not true, for there can be

0

Only tour independent circilit-models.-For an

number of: diodes the number of independent car- _

cults is equal to one more than the number of,.

diodes.
. .- .

Review
.,

ew lExponentt4 ?

. li should be pointed out very clearly that
.

the general equation for an exponential is .

applicable to any single exponential function
_

178

where Eas and Ea are ayebAaic quantities.
. .

The student sfiduld work'a sufficient number of
/

problems sphere E
as

and/or E
o
are either positvei_

or negative numbers: If either bile i's.,zeto,;then'

this becomes a special-case.

If the students have workedwith these expo-

nentials in a previous' course such as in STC y_

,c

Ciheui.t4, as recommended. in this report, 'then

it will not Ce necessary to spend much time, if

any, in the review of exponentials.

Rebietance Switching in RC CihettUA-

The shaping of waveforms is done, largely,

by resistance switching in'RC single-time-con-

stant circuits. This resistance switching

occurs in practical circuits as a result of

the diode action of two-terminal and multi- al-.

terminal electronic devices.

These diode actions of electronic devices

along with the identificatiOnof'the different

exponentials that can exist when .step-voltages

are applied, represent the major learning diffi-

culties for the students. These learning prob-:

lems will be alleviated a great deal by spend-

lug some time on the response of RC circuits to

step-functions under defined switching condi-

bons. Do not go directly to a study of cir-

cuitS with electronic devices. A few sample

preblems of the kind being recommended here

are shown in Fig. 1. These are the more im-

portant circuit configurations. Additional
?

problems can-be generated by changingany of

the given-quantities.

The representative problems of Fig. 1 arc

designed such that at least one of the possible

exponentials will complete to its asymptotical

value.

,i<1;11.
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FIG. 1. Sample problems to illustrate resistance switching in RC
conditions. The objective is to evaluate a steady-state

If none.-of the-exponentials complete, then

it may be-advantageous to apply the concept of

.anea bang equal to a AeAi4tanczoatio.

This area ratio concept is developed in most

texts on Pulse Circuits. An area ratio chart

or graph is needed when the source voltage is

Sinusoidal. 'Such.a graph will be found as

Fig. 3.7 in the text: "Pulse Circuits-Switching.

and Shaping", by Daniel S. Babb, Prentice-Hall,

1964.

RC-Diode CiAcatte

. The representative type of RC-diode circuits
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circuits under defined switching.
cycle for the output voltage.

a

for study here is presented as G4oup 2 in the

Labonatmy GuLdeline6. Problem solving and lab-

oratory work should0be cjosely related for these

circuits.

T1can6i6t0A CiACI]at6 Without Feedback

The analysis of transistor circuitry without

feedback'becomes reasonably simplified with the

background of resistive-diode and RC-diode cir-

cuits. The first step involves an evaluation



of the input circuit treating the base-to-emitter

transistorsinput as a diode. The base-to=emitter

veltage'waveform is then known. If the transis- .

,tor iscurrent-biased heavily enough then the col-
:

iecter-fo-eMi.tter function can be treated -as

nearly ideal switch. Consequently, tile-output

circuit can be evaluated for an indicated output

voltage,

Pv.all. practical purposes, the input cir-

cuits will be either resistive diode or RC-diode

kindS-of circuits. Consequently, there is noth-

, ing.1-164.-to-be learned here. The same is true for

tthe.output,circuits. The student needs to know,

the biasing conditions of the trahsis=

tor.
44 .

Colisiderable emphasis should be-, placed on

the'itUay of two-stage circuits, using complemen-

tify-tranSiStorsas well as like transistors.

Emitter=follewer circuits are alsO included.

The Mativibutou

Eicept Tor those circuits having a common-
/

ethitter resistance, multivibrators can be studied

with about the same concepts as transistor cir-

CUitS-withoutfeedback. There will be two equiv-

alent circuits that operate simultaneously rath-

er than just one circuit, effectively.

NorMally, the astable and bistable circuits

will not have a common-emitter resistance. There

however, one form of the monostable circuit

that does haVe a common-emitter resistance.

-The triggering techniques, as applied to

bistable circuits, become one important part of

this study,-more important than the "paper" de-

sign of "the bistable itself.

The Schmitt Trigger Circuit is appropriately

included along with a study of the multivibrator.

The Sweep COccuits

The two-main circuits for study here are the

Miite4 Sweep CiAata and the Bootetnap Sweep C4.4-

The circuit configurations for these two

"circuits can be found in Pulse Circuits texts.

The major. point to emphasize in the classroom

activity is the one factor which influences the

linearity of the generated "ramp' voltage. This

one factor which influences the linearity.is

revealed from a study-of the equivalent input

circuit for the Miller sweep circuit. The

equivalent input circuit is,

Vcc

where

SW

R
eq

is normally very small and neglected

Ria = re + rb.(1 +0)

C
eq

= C (1 -Av)

li'The point concerning linearity ccurs be-

cause of the presence of Rin which, in many cir-

cuits, is in the order. of 1000 ohms magnitude,

To improve linearity the Eas value for vbe must

be large compared to the magnitude of voltage

swing across the active region at the input.

Notice that the sweep occurs when the switch

4w, representing an electronic switch, Is open.
-

f During this sweep time observe that,

Eas CC R. + R
in

Rin .1
V
cc 1 +'R

R
in

which states that the E
as

value is decreased as

the ratio of R /Rin is increased. Linearity,

then, is improved by decreasing the resistance,

R, or by increasing the input resistance.

The input resistance can.be increased by

placing two or more transistors (usually three

or four are used) in a'Darlington circuit ar-

rangement. Each transistor added will increase

the input resistance by a factox of 0,*approxi-

mately.

The larger inpiit resistance will permit'a

larger range of values for R without destroying

the linearity appreciably. A larger range of

R values,.alohg with a permissible range of



t

t values, will permit a wider range of sweep each group of circuits in their chosen ways.

times. .-

Logic C4cuitIty
.

-

In logic circuitry the output voltage (or

Current) iS'at' either of two levels. 'One of

ihese'levelS can-be-zero:

In theSe early. studies of logic circuitry,

*Mphasize the_cenditions necessary to make the

output voltage change from-one level to the oth-

'-ef. The AND requirement..arid the OR requirements

are thefeby established. Do not place too much

-"Tempha
,

s,-ua the fact that the voltage is posi-

-_,-%tiVe.or4perfiipS.iiiegative. The fact that a volt-

age is-ToSitiVe-bf negative is of secondary im-

iffie=ffiest important fact to know first

_1S.-Whether-there-has been.a change 64om one eevet

.

The- StUdenti should quickly learn that an

AND situation, with parallel. arrangement of elec-
.

trenic devices, requires that the devices (diodes

or transistors) shall be biased ON in the

aiisente of all signals. The converse is true for

'(:k circuits.

LABORATORY GUIDELINES

The information and suggestions presented in

these LaboAatoAy Guide ine6 outline those concepts

_and technique's that are most'desirable and approp-
,

ridie to a laboratory environment.
,

PliitotwOhy'enique to Puke Citcuit6 Labotatcv

The number of specific circuits to be stu-

died in a-laboratory course is.often equated to

the number of laboratory sessions available dur-

ing the term. On a quarter system approximately

eleven. sessions would be available, assumineone

Meeting per week.' On a semester system, about

. fifteen sessions are;available.

In a ptille'circuits laboratory, each 4abor-

_atory session should involve a study of aonoup

of circuits or .a particular sequence o6 situat-

ions for a particular circuit, or circuits.

.With suggested lititations and knowledgeable

' guidance from the instructor, the students should

have a reasonable degree of freedom to investigate

a Two-tan squads would be ideal to allow discus-

sions on a onk7to-one basis. Each student

should keep his own notebook, but it is:recom-

mended that these notebooks shall not be graded

as formal reports might be graded.

In general, the students would be given :

the circuits'as a starting point for their iiC

vestigations. Suggestions Should be given as

to parameters that could be changed, and the

range of these parameters, to guide thestu-

dents through a thorough understanding of-the

circuits.

Particular values of parameters for the

:'-''starting" circuits are stmetimes specified.

In other inStanceS,'the parameter should be

specified within abdesired range of value's.

Then'there'are instances when students shiould

select their own values.

Getting Stanted in a Puke CitcuLtA Laboutom

First of all, the students should be in-

formed as to the procedures. that they should

follow and what is expected of them in the lab-

oratory. Unless specified otherwise for

particular laboratory exercises, he should:

a. Observe the possible responses for each-

circuit of a group before doing any cal-

culations or making recordings of any

kind. Usually these observations should

require no more tharf30 minutes. Hope-

fully less time would be required. And,

b. while-making ,the observations the_partners

should discuss with each other the reasons

for a particular response or changes in

responses. And,

c. the students can then firm thier under-
.

standink of the circuits by making
0

icant measurements supported by calculi-

tions. The measurements should be made

beSou the calculations. Almost without

exception, calculated and measured values

should check within about n. Any larger

error will usually suggest that the stu-

dent has overlooked some significant e.f,



parameters such as: Output resistance(s) of having-a common emitter

sou

-tinte_o ,oscilloscope, Torward-a:nd/or back

resistance of ,a diode,'Stray capaditance,
..

- reverse - break own voltage of sOlid\state

Junetions,'et ce era. It Might not be im-

portant to include these items in e1 alcula-

tiithi, but-the studenl6, should at last ask

:himself: Would its erro be decii-afed if

they were taken into acco t?

-Sedendly, in "getting started, the students

slienlcrbe-thoroughly familiar with e instru.!

ientitiLbe'OSed in the course. Iflt iSfamiti-:

gritty oesnot already existi the opportunity and- ... .

Iii0E4-41d;lie-littiVided:--- ----7 ,

e, input resistance and input capaci-

lheltwoApost idportant instruments are. the

:unit0Sr;_and the oscilloscope. The iinitk-puls-
V

er-ig-essential to permit- control of pillSe Width-

4S74011-aSthe repetition rate. The laboratory (!)-

-eXperience4tand learning would be seriously liM=

ited if only a square=wave generator is avail-

-able.

A dulti=tace scope (dual-trace at least)

is- also essential. The s udentl should be in-

formed -to always use ext al ind to'

use d =c, ratherthan a-c, settings for thq Chan--

eels being used.

TU-Mcifinouping4 Son Labotatomy S.tudiez

When one.examines the conten'of a textbook E.)

Joi_andutlifie for-a course,there is some tendency

to design the laboratory experiments to parallel,

_each and every major topic .i4 the textbodk or . es
.the Forthelaboratory studies in Pulse

Electronics,emphasis should be placed on the

resistafe

Group 7: Sweep circuits

Compare with.theoutline andrnotice that .

'r

some of the major topics listefthere.are

omitted in the above, such as: Logic dikeui*Ey-,

itnd 4peciat 15u4po6e cikcuit6: Such topics are

more appropriately covered in a laboratory_

.associated with a digital course if offered in

the curriculum. If a digital course,-as such;

is not in the curriculum then the logic circuit-

ry.and special purpose circuits could-be incor,

-porated-in-such-areas-as a-Projects Course-or- --,

a Systems. Course.

Group ifi Resistive Diode Circuits

following groupings in the sequencegiven.

GrOup 1: Resistive-diode circuits

Group 2: R-C diodecircuits

Group 3; Single-stage transistor

circuits

Group 4: Two -stage transistor cir-

cuits .

Group 5. The MulivibratOrs

Group 5:. The Schmitt Tiqggercir-

tuit and other circuits

:182.
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FIG.1 The fou; basic diode clipping

circuits

.11



-FIG: 2 _A multiple-loop single diode_

: circuit

0--

R2 R3

V
Eau) 9Ed,(2)

@

FIG- 3 A Multiple-diode circuit

(Orientation of diodesmar

also .be reversed.).

SuggeS:ted. tabaiwitay Stadiez bon Gump '1
-ApProkiMately, two laboratory periods-'should

be reserved for a Study of this group.

. .7beFfour basic diode clipping circuits may

',h4vebeen studied in the Resistive Electronics

Courie, they can be reviewed'iather qu-'.

ickly at this time. Ary time-varying function,

other than rectangular waveforms: can be used

;as, thesOurce%to permit students to clearly ob-

-serve the,"break" points on-thewaveforms. Chang-

jfig the bias voltage, negative as %lel' as pos-

itive polarities,while observing thewaveforms.

the student with the experience

:necessary to pefmit him to "read" the response

`ef-such circuits when they appear in later sub-

jects'.

T.

A multiple-loop single diode Circuit such

as that ofyig. 2 should be examined rather care-

fully to provide essential background informa-

tion for the stud)of multiple -diode circuits.

The resistance ratio, as well as magnitudes_for_

the two, resistances, becomes a significant fao7

tor. The student should change this ratio and

support some (not all) of-his studies withmea-

surements and calculatiofis to identify signifi-
q%,

cant quantities on the waveforms.

The two-diode circuit of Fig.3 provides

considerable flexibility for a study and under-
.

standing of similai circuits. All of.the possi- .

ble ratios of resistances have an influence on

the circuit response. Alsn, the heatZve_Migr :

nitude of the two bias voltages have an influence

on the response. A few of the possibilities

can be suggested to the student-by the.instruc-

tor but the student should be encouraged to-

continue further studies on his own. MeaSure-

ments supported by calculations should be done

with one or two specific sets of values -*for the

-circuit. It is important, however, for the

student to examine the circuit for other than

the given sets of values. Time is not wisely

used, by recording measurements and calculations

for each and every set of values used for the

circuit.

The progressive students may wish to stu-

dy three-diode circuits. Textbooks on pulse

circuits will suggest some possibilities.

Group 2: R-C14ede Circuits

183qg

FIG. 1 The Basic R -C 'diode circuit

(rheiode%may also be ofiented
.

in opposite direction.)



FIG. 2 An additiont resistan4e.may

exist in any one or more.of

the -.91101 points' in the

circuit (usually not all three,

-howeVer, in the ame'cilTuit).

The diode may be oppoiitely

oriented.

FIG. 3 A biasingvoltage, or a pulsed

voltage.,-may-exist-in-one-of
.

the ......0.1%points in the cir-

cuit. The diode may also be

oppositely oriented.

ScumeAtions 6ort.'a Study o6 G/toup 2

R-C diode circuits, as most commonly found

in,practice,are.identified in the three general

circuit diagrams. , The circuit of Fig. 1 is a

most simplified representation. Fig. 2 suggests

that an additional resistance may exist in-one

or more of three.positions of the basic circuit.

Fig. 3 suggests the'6uhthett addition of a bias-
.

ing., or a pulsed voltage in any one of three .

positions in the circuit.

The additio of resistance and biasing volt-

ages as suggested-, -along.with-reorientatiOn

possibilities for the'-diOde-;-provide-a variety

of situations that need,to be studied.

Two laboratory periods:hopefully no more

than three laboratory peri'odsl-should be al-'

lotted for these studies. The studieS

. STC circuits course, a prerequisite, should ."

provide much of the background inforMa4on

needed. Primarily thethree identifying qUanti

ties of an exponential will provide the.hiSic-

information for understanding of most of the
.

circuit responses. a

A study of these circuits And theirreS.'

ponses is essentially in two stages._

first stage the circuit set ik.studied-with
,

rectangular source in which thetiMedonitailtS

of the circuit are -not large; 'In the Second!

stage, any. repetitive

marily rectangular and'sinusoiaal) where the:

capacitance is arbitrarily large. This is a

study of clamping circuip-

Suggation4 bon Gh.oup4 3 thAough 7

The circuits of group 3, 4ingt.e.°-4tage_tuni.._
6i4t0h ciitcuit6, require at least two laboratary:

periodS. Use the first laboritoty period io-

investigate the response of the circuit-with RC

coupling to a pulse source. When is the tran,.

sistor in,saturation?. °What are the requirements

to hotd 4,t on? When is it off? Use the,seccine-:;

period for a more specific study. May use a

sinusoidal source, also, -but, not the first

laboratory period. Use one or two laboratory

,periods for a detailed study of two-stage

cuits. Concentrate on RC coupling. See Geneha

Guidecined for techniques. This completes the

group 4 circuits. The multivibrators, group S,

are now easily tasterea.. Start Ilifith the astable

circuit. Then concentrate on circuits that re-

luire triggering. Emphasis should be placed on

the techniques of triggering. The Schmitt

trigger circuit, group 6, requires an unsymmet-

rical circuit for full range of operation. Con-

centrate on the Miller -sweep circuit, -the last

of thd sequence.
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ADVANCED LINEAR ELECTRONICS (ELECTRONICS In)

4FINITION

,A6anc d 1".i Mean Etectunic6 is a detailed

..studyof- tctical electronic. circuits f ,jr which

Linea circuitmodels are necessary to explain

-underStandAheif operation when 'the electron-
.. .

Ac-deiticel-are,opertng in the active region.

400-CONCEPT

. ° s

,Advancedynem Etecttonic4 is circuit-re-

-sporiSe, or "Blick,Box" oriented. Thus differs

rom*bative Electize.nich_which was more device

-kunified,ind-.simplitied linear circuit-mod-
- .?

4e*dan:_he-used_to_represent the major active de-

.-viCeS:-(i4TFEt-ind VT). This simplified circuit

noddi_plices-eMphisis on a dependent current;

Source rather than on a dependent voltage source.

If_a-dependent voltage source should be desieedt

thiS is- done -by converting a Norton's equivalent

circuit to a Thevenin's equivalent.circuit. This
_

Concept, or approach, reduces memory prOblems to

aMinimuM.

-- The-same -kind of circuit model will always

-,IpplY-in-feedback studies, whether the feedback

_.be_positive,or negative and no matter if voltage

feedback or current feedbiek exists:

' -

= BEHAVIORAL OSJETVES

_The student; upon successfully completing

this course,should have'the ability to:

Analyze the operation of any BJT., FET, VT

amplifier and to determine its basic operating

-characteristics: gain, bandWidth, and input-out

impedandes.

Attack new circuits using these devices and

to'be able to determine their basic character-

,DeSign.small signal amplifiers usin g-opera-

amplifiers with negative voltage feedback.

Analyze any typeof feedback amplifier in-

__eluding poker amplifiers and oscillators.

- ,

Understand the operation of class "C" am -'

plifier -s and oscillators.

Understand the operation or and design

- criteriador large signal amplifiers.
...

PREREQUISITES_

The two courses,_of STC CZ/tea-U.4 and Re-

EtectAonic6 are theprimary prerecidsites

for, this course on Advanced Linear Electronics.

P4.5e-acanonich is highly recommended as

%
a prerequisite but is not absolutely essent. al.

In some ptograms, it may b necessary to-offer

Pase Etecticvnics and Advanced 14.neat Etectioacs

as parallel courses in the same term.

The third course on Circuit analysis,

Netwetk4, could be highly desirable as a pre-.

requisite but not absolutely essenial._ Net -

wo'th6 could be a corequisite or offered in-the

same term as Advanced Linear:. EtectAonics, if

dictated by curriculum, structure problems.

The required and desired prerequisites

for Advaqcedlinem Etectitomics are represented

by the following flow chart.

STC

CIRCUITS

RESISTIVE

ELECTRONICS

IIIP

NETWORKS.- PULSE

Alikm.410, ELECTRONICS

ADVANCED '

LINEAR ELECTRONICS.
,

\
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BaSa Amplifier Characteristics (Laboratory

Introduction

A. 'Gain D. .Bandwidth

B,' Phase'shift E. Sigriallive,1

. 4

I.

;C. Ifiputiodtput impedance

Feedback i1 Amplifiers (Classroom Oriented)

Feedback effects, on amplifier perfor-

mance

1. Gain effect.

2. Band width.

'', 3. toise and distortion.

Stability.

:S nput/output impedance.

Smait final Amplifiers.

alent circuit for three terminal

.

-deVic Classroom Oriented)

B. Circuit or Sub-system configuration

(Classroom Introduction)

.1:- Common Emitter-Common Source-

:Common Cathode.

4 2: Common Base-Common Gate-Common

Grid.

3 Common Collectors-Commdn Drain-

Commen Cathode.

(Emitter-f011ower)(SoUrce Follower)

'(Cathode follower)

4% Single transistor split-load phase

. inverter.

,C. Three terminal devices at low frequen-

cies (Laboratory Introduction)

1 Coitplingcapacitor effect.

2.. Bypass capacitor effects.

W. -Three terminal deVices at high frequen-

cies (Classroom Orientation)

1. Shunt capacity effects.

2. Miller effects:'

3. Basic device limftations.

(a) Transit time (b) Alpha cutoff

4. Risetime--bandwidth relationships.

.E. Multiple Stageout Amplifiers (Class.room

Introduction)

1. 'Cascaded Amplifiers.

(a). RC coupled amplifiers .

.(b) ,Direct coupled Oirs.

(1). Darlington.

(2). FET and BJT.

(3) Complementary.

IV. large SiklAmplifiers

A. Single-ended amplificirs (Cldssroom

Oriented)

1.. Efficiency.

2. .Transformer.ceupled\ads.

3. Direct coupled loads.

V.

B. Push-Pull Amplifiers (Laboratory

Introduction)

1.A.Class of operation (conventional);
0

2. Complementary symmetry etc;

.3. Design of class B.

C. Drivers (ClaS'stoomintroducti6n)

1. 'Transformer.

2. Paraphase amplifiers, '

.Drivers for complementary circuits,

Feedback Techniques (Classroom,Oriented)

A. Voltage and current feedback

B, General feedback equation%

C. Feedback analysis techniques

1. .Single stage:

Multi-stage.

S: Selective amplifiers. .

VI. The Operational Amplifier

A. The differential amp input

B. Inverting and Non.:Inverting 'inputs

(Classroom ihtroUuction) .

'Mathematics Operations (Laboratory.

Introduction)

(1)

(2)

(3)

(4)

Addition and Subtraction.

Integration,

Differentiation.

Log operations.'

D. The integrated OP NIP specifications'

VII. Tuned Amplifiers (Laboi'?atory Introdyction)

A. Single tuned

-B. 'Doubletuned

C. Stagger tuning

D. Class "C" Tuned Amplifiers

1. Doublers,

2. Multipliers.

186 -
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XIX.

S.

A. General Criteria (Classroom Oriented)

1.' Nyquist diagram

2, Barkhausen criteria

0..
3. Equivalent eircuit'analysis tech-

),p i.ique

4. Maximum frequency of oscillations

-for BJT

B. Tuned Circuit Oscilla.torf ( Laboratory'

Oriented)

1. Aiartley

2. Colpitts

3. .Crystal controlled

C R.C. Oscillator (Laboratory IKtroduction),

r. -Wein.bridge

2. .,Phase.shift.oscillator

Power Supply Regulators

A. C $L input filter system /Laboratory

Introduction)

B. Fixed voltage.shunt regulators

1. Zener diode

; WR'tube
t.

C, Series regulators

1. Fixed voltage Zener f VR tube J.

'2. _Variable voltage regulator -- Emitter

follower approach

3: 'IC Regulators

6, CUrrent regulators

Current limiting

N.

2. Constant current supplies

GENERAL GUIDELINES

Information and suggestions presented here

as the gene/tea guidelines represent recommended

approaches and behavioral objectives for the
.

course! '.Specific.suggestions for classroom in-

struction and for labOratoiy learning will follow

these'general guidelines.

The Majort Eteatonia Deviee6 Son .the Coulde

The elecironic.devices incorporated in the

circuitry oilthe course are: The bipolar tran7

A

sistor (BJT), the field effect transistor tLET),

integrated circuits (IC) -and the vacuugi tube

(VT). Although vacuum tubes are considereda

part of the study, any involved analysis of

."

vacuum tube circuitry 'and,technol,',gy is dis-

'couraged.

Impottance o6 .the Coukse

This Advanced Electronics course is the

last of the six core courses of the curriculum.

.As Stich this course must be the final link .

'between the analysis and the practto ical
. 7

world of system electron1p6/-11ce Course,
- >

therefore, m' t have sufficient practical

problems to relate the student to the practical

world of-applied electronics.

(=This -final electronics course, along with
\-

the Other five core courses,: should provide.
. .

the Student with alikki fOundatign. This
i .4.

ei

foundation can either be used to pursue one

of several ins}itutional options Or a basis

instudy of numerous technical electroniCs

WhiCh.the iteitution may yish,to 'offer,.

Advantaged e7 the' Coutse .

-.6

..

LineaNhiddel.Electronics has some unique

advantage's whigh mike it an essential part

of the "Six Core Courses.". The study of active..

Arcuitk from a circuit analysis standpOidt

. giVes tte two yctir ejevonics -student another
1

. r ., 1
"tool" which can be used in future studies.

4The use ofs"graPhical ga/ysts" Of the . .. ry.)

circuits under study will lead tooprocilems.
.

of stability and'the sofiltion of those problems.

This course, although not specifically a

design course,w61 glvethe student an oppor-
. .

I .

r

t?Ity tO desil'hasic circuits or at least

-look at some basic circuits from.a design
.

;standpoint to-observe obvious, pitfalls, etc.

The integrated circuit is. introduced

early in thessequene. As a*Circuitior Sub-

system is developed in discrete component

fornan Integrated Circulgis placed in the
.

same application to demonstrate the useful!.

ness and problems associaped with micro-
.

electronics.

The analysis of BJT and FIT CircuitS

ea

in

.all modes of-operatidnshould make the intro-,

duction to integrated circuits and micro-

electronics a natural transition without a



'\.; 'egr at deal oft difficulty. c.

ThC'Studentt ,Pitevious Knowtectge'

The 'application of the Network Theorems

previously encountered is an essential aspect

of-thisistudyl The use of Thevenin's Theorem,

Morton's Theorem, Superposition Theorem, ,

'Kirchhoff's Voltage Law, and Kirchhoff's cur-
1

. Tent laws.is stressed throughout the seqUence.

Althbugh calculus is not used extensively

in'-this--course; the furidaTeptal concepts are
o

.-,Most helpful in the understanding ofsome topic

which-miff be studied.

I ,

communication cos such,is not offered isi .

the-cdrriculum perhaps the stibjen of modulation

and demodulation can be covered in'a systems

The. students,, knowledge of STC's and' his

dab-ity,to rea ;hese circuits, their break /

points and corner, frequencies vA11 be utilized h oli.Studu,

analysis course.
'44
-.%11

am3. The fundentals of power"sdppliesas..

related-to rectifiers and filters are assumed

to be covered in the resistive electpnics-and

single-time-constant circuit'segisehce.

4. Vdeo and wideband amplifiers are

priririla function of communisation elec-

tronics. The studont,who has completed this

sequence of topics should have no serious prob-

. lem in
,
adapting .tCwideoand:amplifiers when

that point is reached.

=throughout the study. We'study of active'deviees must be

The students knowledge of devices and their restricted in some way to establish the degree

use as developed in Resistive Electronics will 0 of rigor that the course will follow. The

be called Upon to aid the student in understand- '

ing Linear Model Electronics as the',input/output

characteristics of the devices will be Utilized.

The student's knowledge of the "S" operator

anod-his,previous experience with "S" studies will

cause no problem in introduqug different types

, of inputg to the circuits under study.,
Paving(' ninctiona' 1. The amplifier drivit functions will be

. primarily,sinusoidall however, since amplifiers.

with step input& are not covered in the course.

on Pulse Electroni6 the step input analysis of

amplifiers is included:,

Limitat(lonb o6.the Coulthe (What mat not be

coveited). .

1. Integrated circuits will.nct be analyzed

:in' detail. Primarily the'student.will be looking
. . . .

at the'device as used in some establyhed cir-

cuits. The student who has completed this course,

will have attained analysis tecliniqUeS'that make

detailed analysis of IC's a routinematter.

2. Modulation and demodulation are not
covered in the sequence. ;These topics are more

easily studied in a cours4 which has as its

primary objective the study of Communication

circuits and communication electronics. If a

188

subject ofyhysice and,a total qualitative

approach is de-emphasized as )ouch as possible.

The pure H-parameter approach.as outlined in .

many textbooks, is likewise de-emphasized.

The attack that shod104,,taken is to treat
-

i

Nn
the device from ts input/output Characteristics.

What are the conditions at its terminals? ,
0

Since we have previously studied the

devices in resistive electronici in regard to

gain, amplification factor, input, etc.-any -

in -depth study of these'topics would,be-dupfi-

cation. We are primarily interested in the

frequency response of the amplifiers under

study at this point; therefore, 'e are involved

more with input/output circuits and their

behavior than. the device itself.

A Recommended Apia/witch

Bechuseof the wide variety of circuits

covered in Advanced Electronics, the approach

which should betAc4cn in covering them is . .

4. In,;.Toduce circuit in the laboratory,

where appropriate, as suggested in the outline.

2. Analyze the circuit in the classmom

to the extent that the student'understands

Ay it operates in the manner that he has

observed in the laboratory.

1

fr.e\a"



3. Discussthe design criteria
p.:

JJlize -Usagesl and eirtatit Model
c .1n treating the active 'devices- in their

active:regibns, a' singe equivalent ci;cuit

Nhich7wt11-cOver4ti of the devices, incorporated"

4nto--the circuitry of'thls course should be

,stressed. Suaa practical circuit, 'in its

configurationOnly,.is shOwn in Fig. 1.

Fig. 4 -*

=When- tD latnoduce'the Waged CiAciat Modet'

It would be bettertolntrodnce the genetaf

simplified equivalent circuit a5te4 it is used

iniiiSpecial forms in the hipolar transistor,

'field-effect transistor and vacuum tube circuits.

these special forms -are shown in Fig. 2

,.

Irhandling the FET and the VT equivalent

circuits, it may be of value to mention that

the gm e;6, 4d and the gm egk, 4p generators

could be repl2ced by their Thevenin version,

ye and pe 4
ga' d gk' p.

Fa High F4equeney Reaponae

In order to analyze these devices at high

frequencies,it is only necessary,tb ad' one

or two interelectrode capacitances\to this

simplified model and to replace one of theso.

.(Cbc,.Cgd, wt. C91), with its Miller e ect

value at the input.

Matiitage Anatyaia

By treating each amplifier stage as a,

"black box" containing its input resistance, \,\

output resistance and voltage gain, multi-
.

stage analysis reduces to the determination of

time-constants to find she low cut4I6 fre-

quency and loading effect to. determine the

overall voltages gain.

When to Inp.oduce Feedback
The concept of negative voltage feedback

shaild be introduced before detailed amplifier

Fig. 2

'By'using these sip-lified equivalent circuits,

fire studentcan r..place any active device by an

equivalent circuit of the tame Bohm as, any other

device. -in using this approach,.the student

.may. see that the form of the amplifier circuit

and.not the type -of device used primarily cle-

.------------
termines the operating_charactdfistics of-that

ampkifier circuit.

Iv

analysis is attempted in order that it be

placed in the proper order of importance and

td "drive.home" the basic properties of .

amp.ifiers.

Current'feedback should be_introduced in

--the large Signal amplifiers section to Show

primarilyihowAt can control the output 111

peaanee of the unit.

- lsi a
orlr-I

a

,
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If design of amplifiers is to be included in

this course,stress -should be placed on the use

of IC operational amplifiers for all small signal

designs. .

An Impontant Thought Concertizing 04c4.4atou

in treating .class A oscillators,an amplifier

whichJfas decreasing voltage gain with increas-

ing output amplitude is needed in-order to

successfullY run these units under laboratory

.conditions, An "op amp" using series diodes -

as the feedback resistor in the inverting mode

cs-One solution to this problem.

Powers Supptie.6 me Studied Last

The concluding study of power supplies brings

in-the uselef small and large signal amplifiers

in a-closed-loop negative.feeaback system.

Very little time should-be spent here on "class-
,'

ical" power supply 'design since good regulation

nowadays is accomplished throughthe use of elec-

/tronic regulators.

,/ Foca Appicoaclig a,6,..to Subject Matt Instnuction

The two -year electronics technology program

has within its confines many unique aspects..
which require. some discussion. The Electronics

identified by

the theory which

. .

EngineeringTechnician is often
,P.

thetconcept that "he understand

su,; ports the operations he performs". This

i,,,;ties that the technician has an

in-depth exposure to electronics technology.. He is
.

given "hands on" ooportunities to study and

observe
A

practical aspects of Electronics Tech-

nology.
.

The proportionality of laboratory-vs-class-

room effort has been and will ben topic of dis-

cussion at any time we are concerned erith curric-

ulum development. The technique,_ most commonly.

used in the Past, his been to introduce a subject

in the classroom and to verify it in the labora-

tory. It is suggested that there are four dif-

ferent approaches to subject coverage. Their

use in proper sequence can and will provide the

most effective coverage of 'subject matter. These

four approaches are: (1) Classroom Orientation

(2) Laboratory Orientation (3) Classroom intro-

duction with laboratory support (4) Laboretell

Introduction with classroom support.

In order to better understand the thinking

behin2 these four uproachesIthe'following

explanation is given. The coverage oii,nrw

material and concepts can not always be done

exclusively in the classroom or laboratdry.

Each topic: of the curridulum should be analyzed

to determine the most effective technique used

to introduce it. In some cases the exclusive

laboratory or exclusive classroom approach

does .ilot seem to solve the problems at hand;

however, there are some topics which do not lend

themselves well to either total laboratory or

'classroom exposure'.A combined approach is

-therefore recommended. The classroom intro-

duction with lab-support approach is sometimes

the answer. What is implied by this technique

is that after a Subject is studied in the

classroom the theory is either observed or

verified in the mil world of the laboratory.

The laboratory introduction with classroom-

support approach can be the most effective way

of observing a particular group of concepts

and then expressing them on a quantitative

basis. The student, in many cases, after obl!

serving a circuit in the laboratory requires

,a relatively meager amount of assistance in

the classroom for an understanding of what has

occurred in the laboratory.

The advantages of these four techniques

are numerous. Probably the most important

asset is that the 2heoretical world and the

practical world are constantly being related

and interwoven.
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GUIDELINES FOR CLASSROOM

Developing in understanding and a working._ `

knowledge of the many possible ci-cuits of

the Advanced Electronics course involvcsKrec

major teaching i-espoiiiibilities.

1. Development and use of the simplified

h-parameter model.

2. Technique of analysis for multistage

circuits.



°

3. Technique of ana:ys13 ih circuits

with feedback.

Erch of these are now discussed in some

dettdi,

Now to VeOetop-and 04e the Simpti6itd h-pakametet

.--*-4todet ielt-the &Lp TAan.5Z4to.V.

In Oder to-tocr a wide varieVy of electronic

cirduits in a short period of time and to give

the student enough confidence to attack new cir-

cuits,it i neOesviiry to givt. him as simple an

equivalent circuit for the active device as

-possible. Not only must a simple model bedeye-

.. loped, 'but also that only one model per device

-be stressed. For example, there exists three

h-parameter equivalent circuits for the. transistor

operating in the common basO, common emitter and

common collector modes, respectively. Because

most transistor circuits are of the common emitter

variety and most'specifications are given for

the CE mode? this form and only this form Should

be widely used by the student in this course.

In addition the simplest form should be widely

used by the student in this course. In addition,

.
the simplest form of this circuit consisting c.

hi and a k current generator should be u:ed

no mattek what con6igunation is under study.

To-quickly make the transition from the basic

h.parameters to this equivalent circuit, they

-4:hould be first applied to a passive circuit

wit t two parts (a resistive it;r" circuit for

example). For this type-of circuit, it is quite

-easy to obtain he hi, 17:0 and h4 and to prove that

:Ahis is a valid equivalent circuit for the

-inal network.,

Using this equivalent circuit to replace the

transistor in its active region and typical

values of all four h parameters, it ii quite

easy to show that 40 and ha can be neglected

Fig. 1

If the transistor is replaced.by its simplified

equivalent circuit, Figure 2 results.

4111=111

Fig. 2
a ../.

Figure 2 reduces to that of Figure 3 when under

dynamic conditions, the v supply can be re-

without introducing any substantial error into .

cc

placed by its internal impedance which usually

the eircuit_calculations. At-is-tho-use-of-this-- is zero for all practical purposes,
-simplified, model that allows the student to

attack any transistor circuit arrangement and

. quickty obtain its important characteristics.

For example, consider the common collector

amplifier (emitter-follOwer) of Figure 1.

p
1s1



Fig. 3-

The input resistance looking into the transiStor

e' from base to,ground could be-found from writing

the loop equntion:.

e. 4 h. + (i +h i) RE
41t b e b 6e b

and solving this equation for ein/ib thus

yielding theinput resistance of

e.

R.
.n

=
4

hie + RE (h6e + 1)
1, 4

The overall input resistance Rin, which takes

into account anyadditional effects due to the

_input circuit (R8 in this case), can be easily

obtained by computing the parallel combination

OfR .

8 4n foe

The voltage gain vo/ein can also be easily de-

termined:

0
Jib htie ibi RE

e.
4n

hie 4b + t.b + h6e .i.b) RE

vo R ,(h
e

+ 1)

e4. + (h + 1)
n E

\.
d''h + vOutout 6e b b

if the signal source driving the base is assumed'

to have -a value R
s

(arid includes any shUnfing

effect due to R8) then',

Hence,

(due to the defined

direction for 4.)

-v
o

v,
+ + 1) '*

-owe FiTT- 744 Se

v0 (h
Se

out h.
E ._ 4e

+ 1) .

=

ts

at

4) [(hie R6) + (h6e. + RE]

R Ch. + RE 4e 4

Z---out

R (h4. + R4)/(h + 11E e 6e -

R ) 4
E
-

4

rise + 1)

I
A ye/Ey important two-way concept results\

analysis;, that impedances i4.che baspfrom this

circuit are "seen" at the emitter as their

actual value uduced by (h
6e

+ 1) and that'

impedances in.the emitter circuit axe "seen"

at the base as their actual value inwased

by (h6e + 1).

ib

f b

The output impedance, while a little more

difficult, still can be obtained with eery

little effort.

O

REDUCE BASE CKT. R'S BY (s+hfe)

INCREASE EMITTER CKT. R'S BY il+hfe)
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'Hu Xokandte Mutti5tage Amptqieit6

All-amplifier circuits are handled in the.same

manner=whed±ei. they fare single or multiple stage
.

circuits.

1-- Determine for each stage

a; input resistance

b. output resistance

c. voltage gain

2. Connect the sVages together with the

actual circuit element used.

3. Analyze the total performance based on

this eqUivalent circuit.

For example, consider the direct-coupled'.

two-stage amplifier.of Fig. 1.

By noting which terminal of each transistor

is not used for either input or outputrit,is

quite simple to identify the first stage as a

common-collector circuit and the second as a

common-bage stage,

STAGE I

Fig. 1

r STAGE 2

k

Fig. 2 The Circuit Model .fOr Figure 1

193. 2f)q



for stage 1

That

A =
R
E

(h + 1) .

v
h.. R (h + 1

4.e E 6e

RR,

Rou-CREIH.1.9 '1te, Rg + R
Bi

+
6e.

cannot be determined until' we know

cb modi4ied to:

1?

2A = '
v

h
6e

"e2

.1-

How To Handle Negative Vottage.Feedbaek...

Negative voltage feedback (NVF.13):"may be

handled and introduced best by using .t-With
, .

an operational amplifier. The resulting .

equations are. not only simple but, -due XO'tfie

lalge 'relative Av of the OP AMPSi they can

easily serve as quick approximations for the

In general it will be
4

'

student. :

Negative yoltage feedbatk illy pres.a

411
1 1

I II 4n2 6e
.feedback 'signal which is s-proportio41 to theR.

RB I

[hie+ iR
E

il R. ) (h + 1)]

output voltage but can. 'be introduced at the

. input as a feedback current or voltage de-

i R h
R
c2 pending upon the circuit used to introduce ,

Aa ....q...rg_ Ice g--
V 4 .. -Le

b 4e it at the input.
\

.

Thesetwo approaches haVe quite different

=

h4e.

2
,

effects and hence mubt be covered as two

1 + h
6e2 cases.

= RRout
c
2 - :

NOTE:Ify<aLsnot«Il ,_then.conaizta
2

Zot
2

o6 -j X
4n2 c2

1 + h
6.22

GNO

P.

Figure 1 illustratesthe basic circuit

_used when feeding back the.NVFB-signal. as a

-voltage.

him
E>, .z,N2 o+hfe2)

(1+Ne2)c2
GND
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Av.
R in
Rout

Rf

*"-

011=1111
11=110

Fig. 1

le

-

USiag"B to represent the ratio of the feed-

back voltage to the output voltage, it is_quite "

'easy-td-show ,that the amplifier's properties, with

--feedback are-all.altJed by the "magic fitctor,"

1 Av . O. Table I illustiates this fact.

PROPERTY W/0 NVFB W NVFB

:-:-VotageGain

.-...
_

A
v

X /(i + A 01
v v

Input Resistance - Rn, lin (1 + AVB)

_

- Output Resistance. Rout

. .

R
out

/(.I +-A
v
0)

.........0toflf_ __... .6.°.1.o

.

/(1. + A13)
v

.. . _...

Upper Cutoff F °Ili - 6914.(1 +
AVB)

TABLE I

If the feedback is introduced as a cutient -

at the think, the effects are not quite the same.

An analysii f figure 2 yields the results listed

in Table II.

AOPERTY

Fig: 2

W/0 NVFB W NVFB

Voltage Gain " -A
v

-R
F
/R

Input Resistance
. -

, R . : F=

.Output Resistance
Rout '..

RinitRF/(AvR)

Lower Cutoff -F.
15eLo Lo

Re(AvR)

Upper .Cutoff F
6914. 64HAR/R6

'TABLE II.

,

These concepts should be introduced uSiffg

a high gain differeatiaL input amplifier of the

operational amplifier type. This can be easily
_ .

"dattdredigive-moderate-values-of Av,lin,

Acio, and .

H4
so that the foregoing equations

can be supported by a laboratory experience.
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LABORATORY GUIDELINES FOR ADVANCED LINEAR

ELECTRONICS

A 'few:experitents suggested for the course

are presented here. These do nOt represent a

complete set.

,Expehiment No 1: Lou FAeguency Reapon6e o6

RC Coupled Ampti.64:eu..

VCC

1/cc; 79Vr

R1: 56k ohms

R2: 12k ohms

.R3:

R4:

Cb:

Rg:

T1:

1.5k ohms

690 ohms

-100 micro- farad, 25v,

600 ohms

2N404

PROCEDURE:`

1. .Connect the circuit shown. -Bel/Ore turning

on the signal generator, measure all D.C.

voltages.

2. Uiipg iCc of
3A m

and V. over a
%1

will show the.

0.5 micro farad, measure V
o

range of,frequencies which

break frequency. Record in a

table. The amplitude of the input signal",

should be such that ro clippliag is seen

in the output. (Check Vi each time the

frequency is changed to make-sure it remains

at a constant

S. Repeat step #2. for a Cc of .5 micro-farad.

4. Using semilog graph paper, plot relative

igain-v'slog frequency fof the data taken

in step M2 and step #3. "(Plot both on the

.

Sahresheetusing ---the-same_scale... ) Deter-

mine the S db point from the giaph for-
_

each-response curve.

5. Make a genral statement relating few

frequency response and the size.oCtile-.

coupling capacitor.

6. Draw thelow.-irequency equivalentof the,

circuit used in this experiment. ..?;

the. f
1
'Toint (break frequency) of_ the

circuit for the 5 micro-farad capacitor.

7. Using scmilog paper re-plot the response

curve for the,5 micro-farad capacitor. .

8. On the same neet sketch,-the-Bode plot

of the response based on the calculation-

.
of step #6.

-9. Compare calculated and measured response.

. Account fof the probable cause of any

discrepancies.

Expekiment No. 2: Jiigh Fuquency Reipe

06 a CE AApti6iett.
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cc

'R

C
c

R1.

R2:,. 2

R :

C
b

0."

-12vdc

10 k ohm

1 micro-farad

91 k ohm

10'k ohrd

4.7 k ohm

680 ohm

10 micro-farad

2N404



Construct the circuit shown. Before

'- turning on the signal generator, record

all- circuit D.C. voltages.

2. ,Seithe signal generator. amplitude td

obtain an undistorted output waveform.

3. Measure To.and Vi over a range of frequencies

Expeximent No. Sivgte Tuned RF Amptigek

from micl=frequency beyond:the 401-'3 db

(chealgenerator.output voltage
Is

each time.the'generator frequencyis

-chinged.temake.sure it remains aa con

_stant-Voltage.

4. Jlate,a0.02-iicro-farad capacitor across

-the-:bdtpuCterminal.and repeat step #3.

Alemove-the-0.02'miCro:farad Capacitor

I: "and-add ihe:network shown below.

-Repeat -step #3.

I
IMINdo

..

7. Piet the data obtained in steps W3, M4, and

46 on semi -log graph paper: (Relative, .

,gain-vS=log:frequency). _plot step-M3 and.
j_ r" N. ..

_step #44 on the same sheet, step y3 and -,

tep.M6,oh the-same sheet, and step,M3 and

the Iculaled cu e on the same sheet.

'Use the ame scaiJ for each of the threelr

.,,

iheett. A
,

11, Caiculate the 3 b point for the original

.(- circuit and' sketch t e,Bode plot on the

same sheet 'as the origin measured responses.
. .

---9. -Compare the curves of step c andmake a

.
general statement accounting for ny

discrepancies between the calculate n

the measured ,response curves.

10. Based on the response curves plotted in

step M7, make a general statement regarding

the relationship between AC load resistance

and sigh frequency response and shunt

capacitance. and high.frequency'response.

197
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1. Construct a single,tuned, direct-coupled

0:amplifier using-a2N292 transistor.

(Use-a-mounted and- shielded coil for the

tank.circuit'.: :Using the "Q" meter,

-Aeterminelthe approximate value, of C

needed:to resonate with the tank in-

ductance-at 4551cHz.) .Calculate all by --

pass and coupling capacitors based on

an f
o

455kHz. Calculate emitter

andvoltage dividei resistor values

from the procedure outlined in the GE

transistor'mann-a1.' Choose-an acceptable

valde.of yee,

2: Record all1DC voltage readings.

3. Fqx tht initial meas:iirements,he tank

will be shunted only by the oscilloscope.
, -

'4. Connect a signal generatoi to the input.

Setthe signal amplitUde at .a reasonable

level. Sweeps through frequencieS'in the

:Vitinity of.455Id4 until a signal of.

Aaximum amplitude -1s observed. Record.

the setting -of the signal generator.3

Set the
.

signal generator "frequency -at

455kUz and attempt to adjust the slug

in the coil so thatlhe output-voltage.
, .1N

is maximum. If a resonant fiequency

of 455kHz is not within the rang6 of the

slug-tuned coil, adjust the generator

equency.slightly, to obtain maximum

-outp



5. Measure, the gain of tilb amplifier at

resonance. Plot a response curve of

relative gain-Os-frequeney. Determine

bandwidth fromtherme. CalculJte

circuit Q.

6. Shunt a ohm resistor across

the-tank. Measure gain at resonance.
. .

Plot relative gain -vs- frequency. Determine

bandwidth from the curve. Calculate-

:circuit Q.

:, T. Make igeneralstatement relating.shunting

resistance and bandwidth.

8. Redevithp shunting resistor. Set the

generator at the resonant_freauency of

the tank circuit. Determine if a different

.probe has an effect on the r'e'sonant

frequencyof the tank circuit.

Expetime:nt No. 4: Dkkeet Coulged and

:- Dat4Angton Anngigeti

15 VDC

150K

100K

2.2 K

6.2Ket/t;

_ Mama

1. COnneCtthe circuit shown in Fig. 1

2. Determine all DC voltagei and currents

by measurement or calculations.

Z. Using a 100Hz square wave as an input

determine the total voltage gain.

4. Relove thegeneratOr and reduce the-

supply voltage from 15V DC to 10V_ DC.

.- Measurethechange_in_V

7. Adjust the 5k-ohm potentiometer

until the DC output voltage is -5V.

8. Measure the voltage gain of theamplifier

Using a 100Hz square wave,:.

9. Determine the temperature genSitivit

. of the'amplifier.-

150K
100K

Expetiment No.

m

Vilipicentak

T-12,VDC

101(1.5M?
10K

ITO

.05
PIO

5. Determine the temperature sensitivity of

the ampeWier by observing ithe drift in
1,2,

V
o
as the transistors are heated.

. =
6. 'Cqnnect the circuit of Fig. 2.

'198

100K
15K.

1. Connect--the circuit shown in` Fig. 1

%
2. With the signal generator output at - P

zero,-measure or calculate all DC voltages

and currents inthe circuit, (including

thp DC collector to colleqtqr voltage.)

3. Measqye the voltage gain of the circuit.
;

Set the input.voltage at 100Hz, lv.

(tlieslvtalgen rator-used_mus_t_have a

floating output. . lso'both iniut and

output must be.mvsured with a scope

having a floating input or a differential



vertical amplifier)

. Draw-the equivalent of the input circuit

representing the floating signal source

as two sources referenced to ground such

that:

5._ Connect the cireuit.Aown in Fig. 2

6:-..Measure allDOI'voltages in the circuit.

. _'Measure the gain of the FircUit

according-to the procedureof.step 3:

8.. Cildulate the common wide rejectOn of

the-dOplifier.

-Replace the-emitter resistor with a 2.7k ohm

-fiked-teSistoi and a 5k ohm potentiometer.

(The fixed resistor is tied from wiper arm

togrOund.).

:10. Balance -the circuit for

11, 'Calculate-the-new. value, of CMR.

O

minimum common

TAPOiment.No. 6: A4Zitude Moduation

' OBJECTIVES; To determine the resultslof mixing

two slignalsOf different:freqUencies in

linear and -non- linear circuits, providing

an ,introduction to basic concepts in

amplitudeMOdulation.

To use Wtransistor collector modulated

amplifier to demonstrate a method of
.

modulotiowcommonfy used intransmitters.

r.
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INTRODUCTORY REMARKS
.

A fundamental requirement for the produc-

tion of an amplitude modulated wave is that

the carrier and the modulating signal be mixed

in a device in which the relationof outpdt

to input is affected.by the amplitude of-the

odoiating signal. For example, diodes,

\ vacuum triodet-tran tors may be used

as modulation by operating them in ,t

non-linear regions.. Also, class C operation

Of tubes or transistor's, properly used

permits a rather'specialkind.of non-linearity

in which varying,fcle plate or collector

voltage varies the average transconductance

of the 'devices over the modulating cycle:

This method depends on the fact that, in the

class C amplifier thepeak value ofthe out-.-

put signal is approximately equal' to the

supply voltage when,the amplifier'S input

-signal is great enough; thus, if the supply '

voltage can be made to vary in accordance,

with the modulatingsignal's amplitude, the

peak amplitude of the output will vary in

the same way: Class C modulation is very

commonly used because of its efficiency and
_

low distortion:-

MATERIAL REQUIRED

1.-2N292 Transistor

1-1N64 Diode

1-560 ohm, 1/2 w. Resistois

1-1000 ohm, 1/2*.w. Resistor

1-1500 ohm, 1/2 W. Resistor

1;15.k-ohms, 1/ w, Resistor

1-18 k-ohm, 1/2'w. Resistor

1-0.05uf, 100v Capacitor

Capacitor, 100 uf, 25 volts

Resistor, 33 kilohms, 1/2 att (2)

Calacitor,'0.01 uf, 100 v ts, ceramic or
\

.mica, (2)

Capaditor, 5000 pf, 100 volts, ceramie\or

Capacitor, 10 uf, 25 volts

Capacitor, variable, 25 -280 pf.

RF choke, 470 ull, Miller 73F474AF or equiv.

199 A
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Transformer, Miller #2031 or equivalent

Siinalgenerator,'HP 200CD or equivalent

Audio signal generator

Oscilloscope

Low - voltage power'supply.

PROCEDURE':

1.: the circuit shown. in Figure
.

'Predict the amplitude of voltage,-at each

frequency,acrOss the 18 kilohm.

resistor, assuming that each generator is

developing 1 volt peak at its output

terMinals. .Find also the resultant of thetwo

two signal voltages across the resistor,

:fer-the-two,;extreme conditions:- the two

-signals in phaseand the two signals 180

Out of phase.

,

triggering as necessary so that the peaks

and troughs of the wave enveldpe arc

stationary. (The Sweep speed should not

be -set to show the individuaL carrier

cycles, as this will give a-meaninglesS--

pattern under modulation.) Show.on your
. 4

sketch both the predicted and measured,

values, indicating clearly the reference

. levels ur portions of the waveforms

concerned. .

--Consider the circuit of Figure 2. Pre-
.

edict thesignal amplitude at each

-frequency, and the-total or resultant, -

across the tuned load impedande. Use.

the iethodkkou employed-in step 1 except

'that-the higher freqUencY generator

should' be considered as tuned to the,

'enact resonant frequencyof the tuned

*circuit for convenience. (This will be.

in -the vicinity of 100 Khz.)

-4

The superposition theorem is probably the

most cohvenient way'of making the above

calculations. .Based on the above calcula-

tions,-make a sketch of the expected wave-

form.

2. Connect the circuit of Figure 1, adjusting

the generator frequencies-as indicated, and

each Output amplitude toT,olt peak.

3. Observe and record the waveform and
. .

amplitudes at the generator output

terminals and'across the 18 kilohm resistor.

Use an oscilloscope sweep speed slower than

1 millisecond per division and adjust the

S.

6.

200

Connect the circuit 6fyijure 2, adjust

the generator outputs to 1 volt peak,

and adjust the higher frequency tothe

resonant frequency of, the tuned circuit

by tuning it for maximum-Output:

Observe and record tht-waveform and

amplitude of signalaCross the tuned

load. Iddieate a comparison between .
predicted and measured values, as

. before.

. . .



-7: ,On.the baSis of your experience in the

,inVestigitions above, predict the waveform
.

to be obtained across the 18 kilohm load

in Figure 3. (AssualeAhe diodeeto be an

ideal diode: an open circuit when reverse

biased; a short circuit when forward biased),`

Sketch-the predictedtwaveform.
0.t

.Check with the instructor before connecting

the circuit.

A: .Connegt the:circuit of Figure 3. Adjust

the generators as in step 5,butlin addition,

Since the dibde-is not perfectly linear,.

increase or.decrease the ampritude of one.

oUthe,s,ighals in order to obtain a wave-

fOrm'acroSSthe load in which the modulation'

is-reasOnablyIsmooth and'sinuioidal in
cr

4pearariCe.-1This.will probably ,re9pire a

waveform indicating somewhat less.than 100%
.

modulation. .1
..

Record the load waveform, using-the dc mode
.

P for the osalloscope verticalnput. (The

dc.mod;`should be used on all the-measure-

ments.from now on.)

,Ai Using dashed li es; indicate (roughly) the
,

'--dc component d the low.frequency compon=

-.ent: on thi waveform. Bow. is the freqUency

of the low °frequency component related'to
%.

the modulating frequencY?

the circuit of Figure 4. 'On the

.basis of steps 7:and 8,.and remembering

what impedance the tuned loid offeri at dc

and at the modulating frequency, predict

the load waveform for this circuit.

Ch Q with the instructor.before connecting

the circuit:

-1d. tonnect the.ch-cuit and adjust.the generators

-as necessary to obtain a aveform showing

a reasonably-smooth, sinusoidal modulation. 0

..Again, because of non=linearity of the

diode, this may have to be somewhat less

.*than 100% modulation.
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Figure 3. Modulating circuit without

filtering. *

N. 1

33K

Figure 4. Non-linear mixing,or,

modulating circuit, with

.tuned load.

11. Connect the circuit of Figure 5, with .

the generators connected but both signal

amplitudes set at zero. (See Figure 5

at bottom of net page)

12. Set V to 5 volts, and with the RF
cc

signal input at a low level adjust the

tuning capacitor for maximum output-at

the collector.

13. Increase the RF generator output amplitude

"T

:;"



until -the amplifi r collector signal4 4"
stops increasing. The amplifier

is now operatitg_into saturation.-.
14. RpduceVcc to one -half of thes-value,you

used in Steps 12 and 13. 114s will now
peimit full modulation without bringing-

_

the-,amplifier out of saturation. (Since
full collector modulation will raise the
effective colleztor'voltage to twice ,the
Vac value, at the *modu'lation peaks.)

IS. Record the waveform and amplitude - of .the RF

signal at the collector. dc mode

.of ,

16. Adjust .the oscilloscope sweep speed tothe.
vicinity of.1 millisecond per centimeter

.
and: increase the audio signal- level-Until
a4latte rn of peaks and troughs .appears at

...thecoilecter. AdjuSt the oscilloseOpe
:as necessary to synchronize thiS pattern
so that the envelope variations, at 1000 Hz,.

.are stationary.
.17. ;Adjust- the audio. signal, level so that the

troughs go asane'arly to zero as possible
without excessive distortion ,of the sinti7
soidal 'form of themodulation envelope.

It

o.

s Carefully record 'the waveform and,,zthe
amplilude of the -Signal at the coileCtor,
using the dc mode of the scope.

19. Record the waveform and amplitude of
signal at. the junctVonof,,,the ..1541a-lohm
resistor di-id' the tiOttom of the tank cir-
cuit. Be prepared explain- the reason.
for' tie difference.berireen this waveform
And that of step,18.
RecOrd the waveform and ariplitUdy at the
"Aod. Sig. Output". Be 'prepared to' ex-
plainahy this signal differ ,as it doei
from the.' d011eattro 'signal. Be prepared

to stat whether o not the .low frequency
.component is still in this s4tiai, and why.
If the.modulatedoutput signal is further

..aMpiifieci.in a tuned amplifier,'ilie. lciw
frequency component will be diScrimirlated'

'against. Make a neat sketch of the
appearance of the output signal of siktil
an amplaier.aspuming. theinput

is..of the form of the "Mod.'Sig.
Output". of step 20.

22. When 'inductive coupling of the modulated
signalbutpui is employed (instead. of

I
4

,1

Vcc

Figure S. Circuit for simple collector modJiatiAn. ,'

. -
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, ^

*.A.4
,, -capacitive coupling as in Figure 5) the low

frequency compenent.is automatically dis-
_

criminated against. 'Change your circuit,

from Figure 5 io Figure 6 (making necessary

carrier frequency change) and take the ,

, - necessary data to demonstratt this. Be

,-----prepared to exPlain why this happens.

ANALYSIS: Describe your investigation and:your

.Include in your discussion your

. answers to all the questions raised in the

progress of the experiment'.

W--!Expeament-No. I;- A.M. Detectok

8jECTIVETO investigate some of the relation-

shipTaffecting filtering, distortion, 1)

and2deteCtion_-_efffciency in a-diode amplitude
'11

lb

.

te
Collector modulation

-

PROCEDURE:

I. Filtering

Connect'thecircuit shown in Figure 1,

°in which the transformer shown within

the dashed rectangle is the output trans

former of the modulator of Experiment 9.

2. Adjust the RF and Audio signal,levels in

the modulator, for full output and

approximately 100% modulation as Al

Experiment 9. Use 1000 Hz for the Audio

freqbency.

3. Observe and record the waveform at the

transformer output terminals, usl.ng.a

X1 probe. This is.of course the type

of circuit and waveform you might find

.;* .e the output of the IF stages of a .

ropeiver.

4. Record the waveform across the 68 kilohm

,circuit from Experiment #6, load resistor -- still using.the X1

:and two signal generators as used in that experi- probe. Be sure ;o use the d-c made of

, Rent'.

diode .

Capaeltor; q50 pf, 100 volts t4)

itapacitor, 2000 pf, 100 volts

'.Capacitor, 10,000 pf, 100 volts

c-Resiitor,,68 kilohms, 1/2 watt

Resistor; 10 kilohm, 1/2 watt

Resistor, 2.2 kilohm, 1/2 watt

_Low voltage..p.ovn.Supply

VTI/M

the 'scope, in,oYder,'td be able to

6%observeN7c levels: ...
. .

S. Question: .Since there is no filter

1

capacitor acios the 68 kilohm.resistor,

we should expecj RF to be present as well

as audio. But why is the RF amAitude

as small as it is in this se?
4

6. Change to a.X10 (low capacity) probe and

observe the waveform across the load

'resiscor. Compare the .amount of RF with

that noted in-4 above, and explain.

2Mod. Sig. Out

10/0

1I10,000
Pf

SSS ,

Figure 6. Collector modulation with transformer

coupling to output
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-7. Connect 150 pf across the load resistor and

note the'effect on the waveform.

II. Distortion due tothe.diode characteristic.

1. If you are using nearly 100% modulation as

instructed, there is very probably distor-

tion (clipping) evident in the audio wave-

: form.

By-comparing with the unfiltered waveform,

ascertain whether it is the peaks 'or the

.troughs of the modulated wave which are

being clipped. Froin your text material

'(Da-ranee: Communications Electronics

-CirEdits), explain the probable cause of

this. clipping.

2. Reduce-the amplitude of the audio signal,
. .

input to the modulator to reduce the

modulation percentage, until the clipping

p. ,seems negligible.

3. Observe the waveform it the output of the

modulator and make.a.roughmeasurement of
.

the medulatiOn percentage.
.

. Does this seem to verify the statements

in the text:

III.Diagonal clipping due to excessive filtering.

1. Still using the, lower modulation percentage

from step I1.3., increase the RF filter

capacitor to 600 pf to improve the elimina-

tion of 'BF from the Audio output. Record

the amount of change of RF amplitude.

2. Changehthe Audio modutAing frequency to

SKHz Lnd by tapping off and on -the additional

450 pf of step 1, note the change it causes

in the audio waveform.

3. Explain diagonal clipping.

IV..Distortibn-vs-size of load resistance.

1: Change to 300 pf for the filter.

2.4-Restore the audio frequency, to 1KHz but keep

the lAvomodulation percentage you have been

using. 7.
,

3. Carefully reo607ihe detector's audio 4

output amplitude' and, waveform.

4.'ttunriff-R-to 2.2 kilohis, and change C to

10,000 pf. (The change iR capazitance will

result in roughly the 'same ,time constant as

e?
s
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you had with the 68 kilohms and 300 pf.)

5. Carefully record the effects'of this.

change.

6., Reduce the modulation percentage to

eliminate any clipping. Roughly measure

the new modulation percentage.

7, 'What are your conclusions with respect

to the effect of a very low load resis-

tance this kind of distortion? Does

this seem to verify what the text had

to say? In other words, is this clipping

worse with low R than high R -- did yc

have to go to a lower percentage modula-

tion than in step 11.3?

V. Detection efficiency-vs-joad resistance.

1. Carefully ecord the amplitude of the

detector's audio-output Motile condition

obtained in step IY.6 above.

2. 'Without changing signal levels, restore

the 68 kilohms and 300 pf in piace of

the 2.2 kiiohms.and 10,000 pf ,and

record the effects of this change.

3. What are your conclusions with regard

to the effect of load resistance upon

detection efficiency?

ANALYSIS: Briefly summarize your investigaZ

tions and your findings. Explain

briefly the basic cause of each effect

noted.

.

r-

I

_ J

Figure 1. Simplediode detector

without. filtering.



CHAP TER 6

INSTRUCTIONAL -TECHNOLOGY

Rega)tdee,64 oti how weft a etakiaa.UM id ztrtucturted,.iii the

instAuctok is not an eliliective teacher in the classroom and

Labortatorty, usetess...Thetinstructon. Must be allee to

communicate with the student which requites an integkated'systems

appoach that makes eiiicient use o6 both curoticueum matetiae

and teaching methodology.

Thiz chapter is the pat thue in the Aepont that id

devoted to the how of teaching as compared to the preceding chapters

that have-concentrated on the what to teach. Included in

Chapter 6, in addition to discussions instruiptionae methods

andmatertiats that are avaitable, id a teetion that descitibes an

ei4oertiment that-the project stabi conducted on using media to

being .industry and the technician into the classroom. Appreciation

iz extended' to the companiez 4nvotved and to Roger. Muzzett Lion his,

'assistance.

The .last section id on the .language o eZectunics with

emphasis on schematic diagrams. The mate/Lime in-this section cowed

be used very eiliectivety in the INTRO course. Sinceie appreciation

id extended to R. Deane Bkadtey on hi4 contAibutions in this area.
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'GENERAL AND SPECIFIC CONSIDERATIONS

There are many problems associated with the application of.instruc-

tiona technology that must be corrected. These include the following:

'Problem: The biggest problem to overcome are people problems, not

\ technical probrems._Igany electronics instructors do not

incorporate media in theu-Anstruction because they simply

do not know much about it, how.at operates, how to use it .

effectively, or for a variety of other reaseiiS:--Rather

\than admit their inadequacies, instructors continue to

!teach with the same old ineffective methods.

Suggestion: There needs to be a greater expansion of in-service teacher

education. This.will help.the instructor to knew where to

locate materials, how to produce simple media: how to plan

...instruction using media, and certainly, how to present the

materials effectively. This does not mean that the eiec-
\

tronics instructor needs to become -a media specialist but

rather one who knows when, where, and how to use materials

effectively.

Problem: The most often used excuse given by electronics Instructors

is that they just don't have time for curriculum development

and the design of instructional materials and techniques.

The complatz: that it takes time to look through the many

catalogs, to order properly, to improve instruction, and to

dev lop\curriculum materials.

Suggestion:' nstructors must be given' released time from the classroom

and lab to improve the luality of instruction. The elec-

tron cs instructor must learn to work with media specialists

in t e instructional resource center which now...exists in

most community colleges and technical institutes, They are

expe is in\media-and can assist the instructor'io have'the

righ method of instruction in the right place at the right

time.

Problem: Ther is a tendency,endency, for electronics instructors, to hold on
,.

to ol demonStrations and aids because they have fit inwith
\

a cou se that was taught several years ago. They do this
I%

becau e it takes time to prepare new material and rationalize

their actions by saying that it worked before so why make

any changes.
,

*

Suggestion: The, electron ics instructor must keep abreast of advances

in cur
r
iculum and instructional methods by reading journals

\

and at ending meetings., If he is not kept abreast of such

progres,or if le is not equipped to employ new techniques.

206
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which have proved effective, the student is going to suffer.

It can -be shown that the adoption of the multimedia method

of instruction can give the-instructor more free time to

pursue.the goal of becoming a better teacher.

Problem: Manyinstructors will not use media because they think that

it will be "show and tell" and that the students will make

fun of these presentations. So, they stick with the Chalk

and blackboard because it is the only method that they feel

comfortable using, not realizing that learning requires more

than just cogalIg-r7ovaiiiiiTOT.i;Om-the blackboard and

taking notes from the lecture.

Suggestion: Instructors need to become aware of the value e: instruc-

tional techniques and materials and'stimulated to use them.

He needs to be able to determine the type of instructional

media best suited to .the pres'entation. No, one medium is

good or bad generally. It is a matter of selecting media

which possess such characteristics as to make it possible

to implement the desired conditions of learning.

Problem: Another problem with using media in electronics is with

the software. Very little prepared material is available

that the electronics instructor can use. There are a great

Timber of devices available with nothing to use with them

in the area of electronics technology.,

, Suggestion: Electronics instructors must work closely with professionals

to develop needed materials. If only the instructor would be

more specific about his needs, commercially 'made materials

couldbe developed that would be of value. To do this, the

instructor must use a planned approach towards definite stated

educational objectives.
4

Problem: Colleges and universities are not producing personnel capable

to lead in-service workshops in the area of instructional

technology.

r.
Suggestion: Colleges anu universities must produce qualified leaders

to assume the responsibility for orienting teachers to new

instructional procedures.

207'
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INSTRUCTIONAL TECHNOLOGY AND ELECTRONICS

WHAT IS INSTRUCTIONAL TECHNOLOGY?

InstructiOnal technology in-a very narrow

sense is thought of by many in the yield of elec-

tronics as simply' the hardware that, the instruc-

tor use in the classroom. They areprimarkly

concerned with devices such as film projectors,

tape recorders, teaching machines, overhead pro-

'jectors, and many other devices that are avail-

able on the market.

Instructional technOlogy is more than just

hardware,and_requires a more complete explana-

tion. The following defipes the way that in-

structional technology and applications to elec-

tronics-was conducted in this project. Instruc-

tional technology can be broken down into two

.terms:'

I. In4tAuction - Wherever, whenever,'or however

it should take place. It may occur in the class-

rbom, laboratory, at home, at work; at any time

.by experimentatiOn, reading, working problems,

or by any other means. It may be in large groups,

small groups, or individual study; in various

formats such as teacher directed,,co-operatively

directed, or student independent inquiry.

2. Technotogy The most general

inition, Applied Science.

erate choice of combining:

dictionary

A consoious_ang delib-

a. Technique (techno:) - meaning the sys-

tematic procedure associated with science

(electronics), a sophisticated methodology,

a practical application of an idea.

b. Study o6 (-ology) - meaning the continu-

al intellectual puisuit of ideas, the'devoted

search for concepts or theories upon which,

to base practice.

Inatuctionat echnoogy telfeita not way tx,

handwake and 6o4tWaite; but aao to the overate

oeceaa wheheby the moat e66icient use o6 ate /Le-

aouAce4 Lan ZeaAing--both human andmateniae--ia

made in a deliberate e66ont to match heaouncea to

twat. education, needs.

Application of instructional technology is.

a systems appioach to organize and condense nec-

essary or desired experiences as concisely and

'systematically as possible so as to increaseodie

probability that learning will occur and in an

efficient manner. A systems concept when applied_

to electronics.technology allows for the curricu-

lum to be more effective and 'efficiell in rela-

tion to the.learning tasks and goals 'students.

DEVELOPING INSTRUCTIONAL MATERIALS.

The techniques of curriculum development and

the design of instructional materials should al=

ways have the objective toprovide'for learning

which will best serve the learner. Two.aims'of-
s.,

.ten neglected in the development of curriculum

materials are:

1. Providing for differences in level of

achievement among students.

2. Providing for differences in individual
,

rates-of learning.

In spite of the fact that not all students

enter the elegronics program with the same

achievement background (noUce I have aaid

achievemen5,not-abiZity), all students hove an

individual rate of learning; and,each student

-has-arilethod of learning that is best forlhim;

the initructoetends to treat everyone the same

and relies on the poorest and easiest method of .

instruction, the lectdre. It .ea past time that

.the etectunic4 instAuctot putdown his chath

and become invved with amote e66icient

eacing-teartning phoceaa.
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ROLE OF INSTRUCTOR .

Teaching electronics is a shared responsi-

bility that is a team effort involving general-

ists, specialists, auxiliary personnel, resource

material, and instructional media. The electroh-

ics instructor is becoming more of a diagnostician.

of the learning situation and knows when and wbe're

elf"



to.send the student to a particular resource for

The tremendous expansion in electronicshq113-

has caused many .educators to-become acutely aware

that teaching,and learning must have a major ov-

erhaul simply on the basis of the burgeoning quanr

tity of knowledge,. facts, and materials. 'Nearly

coMpetent electronics instructor today knows

that he cannot cover all the material or that a

student cannot acquire all of the knowledge that

is available. It is impossible for the electron-

ics instructor tobe the mediator of all learn-

ing. Attention Must be given to changing some

of-the nature of the traditional electronics or-

ganization. To improve learning, we must get

'away -5kom and mou towaltd:

Planned instructional sequences do not nec-

essarily lead to rOte.le4rning. When properly de-
.

signed, structured lessons can lead to highly

meaningful learning of concepts which will be

useful for future learning and problem solving.

For example, discovery or inquiry experience

should be a part of audio-tutorial lessons, but

only for those objectives which require this kind

of activity. A molt complete discussion of audio -'

tutorial methods is presented in Chapter i.)".

WHAT IS MEDIA?

To assist the student, the instructor must

make proper use of media. A question that.mfht

be asked is: What 4,meant when we apeak 06

AWAY-FROM PO. TOWARD

Memorization-of technical information

Boring leCtures-

Group instruction--
.

t.

Cookbook laboratory experiments- - - - - - -- Creativity and discovery

-Comprehension and understanding

- - - - Self- directed study and learning

-More individual instruction.

Presentation of material- ; - - Student learning

Tradition- -- New explorations

Media as an aid to the instructor

Presentation of facts-- - - - --- -Development of attitudes.

Media as resources for the learner

Two-year program as a finished product

Fit objectives to media-----

-Continuing life-time learning

- - - - - -Media to objectives

The electronics instructor needs to know

where to locate materials, how to produce simple

media, how to plan instruction using media, and

certainly, show to present materials effectively.

This does not mean that the tlectronics instruc-

tor needs to become a media specialist, but rath-

er one who knows when, where, and how to use ma-

terials effectively. Ile advances in curriculum

and instructional methods are of little value if

the electronics instructor is not kept abreast

of such progress or if he is not equipped to em-

ploy techniques which have proved effective.

209

media? Media as defined by ETCDP refers to bro-

chures, catalogs, standa,.ds and codes, drawings,

schematics, parts lists, specifications, seminars,

handbooks, manuals, journals, demonstrations, mea-

surements, films, experimentation, etc. Media at-

tyw6 6ot the body 06 knokedge tebtating lihom the

apptication o6 the acience 015 teaching and teakn-

cng to cosizt in the teach,Lng-tecuming pkoce4.6.

Media are essentials, not

are 6upptemmtany wing, not

etectunics inztactut. No one

bad generally, but rather it 'is

just frills that

6upptan'ting the

medium is good or

a matter of



A

selecting media which possess suchcharacterist-
,

ics will make it possible to implement the

,appropriateconditions of learning. Jetzt ab an
. .

eteePtidian hab mote than one.toot in hi4 toot

2 : ponch,-6o mudt these be. mote than one toot

iAtthrucaoit in eeeetitopia.

The-uSef media refers to every item th'at

alight 136_0c:din the class or laboratory, extend-

ing"kroffi-the overhead projector to the chalk-
.

board;froM a daily _quiz to a guest speaker. De-

terminatioir__Should be-made regarding the type of-
. -- - ,

_instruction-al media' best suited for student

learning. Audio - visual aids, programmed instruc-

:tiOn--iaudio-tutoriai instruction, and team,teach-

-.ingareldta.few of the methods which deserve

-consideration. This doea_not imply that the in-

. s4uciOr'utiiizes-such techniques, to the

_sien of a11- Others, or simply to be up with the

He_USes them only when and where they

prove the most effective means of learning.

PLANNING INSTRUCTION

If new -kinds of media have anything in corn-
.

mon, it is the ability to look efficient, attrac-

tive, and expensive all at once. Media bf any

sort are absolutely useless if they do not serve

a purpose. To avoid media that only lookgood 1

. and to develop a systems approach to learning,

we should:

1. Detetmine student needs

a. Is what I am going to do really re-
.

quired?

b. ,.What will the student need in the

future?

2. Detetmine what tequined

a. It is at this point that behavioral

objectives are stated.

b. This step also determines input and

$ .

-c. Select-materiaisthat_wil:tho

quired., If commercial materials

are not available, you may wish

to produce simpleaterials_your-

self, or request having them made

in the Instructional Reibp-rde

ter.

4: Implement thei.nbtxuction

a. Utilize the techniques and materials

effectively to meet th required'

' jeetives

b. Several different methods. -of in-

struction should13e used covering

essentially the same information.

S. Monitor the lieedback data

a. Work out evaluationmethoda io-de

termine if the objectives,haVe-been.

satisfied.
I

6. Mahe neee4army modiliication4

a. Pay attention to feeiback data and

make necessary improvements.

b. At this point-, the Flosed loop of

learning is completed by inserting

the necessary changes at any of the

above-mentioned points.. The follow-

ing diagram will illustrate:

I NEED

4)
4 WHAT.

------- r HOW

4
I- - ---.-:- -10, IMPLEMENT

.4'
MONITOR

ill

4 CORRECT-,

output requirements.
THE OVERHEAD PROJECTOR f

3. Determine how the objective6 will be met i 1

The overhead projector '.i the most widely
a. What methods to use; audio-tutorial,

usedpieceofaudio-visualefouipment in education
on- the-job training, lecture, etc. t

today. The overhead projector is a visual tool,
b. The critical point is that thinking

and studies have shown thatlwe tend to remember
must go beyond simply a course. I

more and learn faster when the learning is done

1

, I
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with-both the eyes and ears.ratfier than with the

ears-alone.--No-matterfipw much research studies

show the benefits:to be gained.by utilization of

'the- overhead, the average, teacher does not use
4.

the overhead projector in the classrOom and lab-
_ ..

_oratory as much as he should.

=-In-using the overhead; the presentation can

combine verbal material with personalized trans-

parencies of four different types--diato, tharmo,

_heat lift, and write-on, plus commercially pre -

.pared--visuals. Therefore, the instructor has a

variety in the choice of materials at his_dispos-

al. The transparency is the mediumthat the over-

head-projector.-USeS to produce a picture screen

4hich-Consists_pf-a sheet of acetate or other see-
,

through-plastie.film that can be imaged chemical.-

ly Or by.Spetiai write-on pens or pencils.

-MAKING TRANSPARENCIES

The original or master from which a trans- '

arency'is to be produced should be kept simple

and uncluttered. Try to use less than ten lines

and only about six or seven words in each line.'

The main point of interest should be presented in

--the upper two-thirds-of the page. This helps to

assure taximuin visibility by the whole class.

The cardinal rule is keeWit 4hola And zimpee.

.
One of the most common types of transparency

- makers used in schools is the infrared copying'

Machine. Making an infrared transparency uses

a te principles of infrared copying--a dry, one-

step operation that requires a master or original
,

on any type of paper and compatible ink and a

sheet of specially treated transparency film. The

infrared transparency maker will reproduce India

ink, ink used in magazines and textbooks, news-

print, Number 2 lead pencil or softer, charioal,

some lettering-kit letters and black typewriter,

. ribbons. Tne original must be in a carbon base

or compatible media. If the original is not of

this type, a Xerox copy can be made that can be

used in the infrured'process.

One point overlooked by instructors when

making transparencies is to assure readability

of the visual. Many times the lettering is too

small. Although the room size and number of

people in it determine the size of lettering

needed, a goon rule of thumb-is: If the materi-

al is readable with the naked eye at ten feet,

the transparency will project adequately. The

point is, always write big. Ordinary typewriter

print is too small. A speech or primer type-

writer should be used to assure back-row read-

ability. Another technique that is very effec=

tive is dry transfer lettering whiCh can be put

,directly on the overlay by burnishing into place.

These are available in many sizes and colors.

Also, the heat-resistant dry' transfer letters are

available for use on originals which will be re-

produced by infrared process. It is 'quite
4
im-

-

portant that, these be used because the non-heat-

resistant type will melt in the machine.

It is most important 'hat legible lettering

be used. The only time type can become too large

is when all of the inforMation cannot be fitted

on the overlay. When selecting already prepared

material, size of type should be considered. For

example, most schematics are too small to be used

directly.

With the infrared process, it is possible

to produce:' A black image on a clear transpar-

ent background; a colored image on a clear back-

ground; a black image on a colored or tinted

background. Many instructors like to use,.a black

image with a yellow background because it is eas-

ier on their eyes.

In addition to the above techniques, an ad-
.,

hesive material may be used that is designed to
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be affixed to a bare transparency. This adhesive

material is available in several colors. Also,

the overlay can have color added by the use of

overhead pens that are available in several col-

ors.' You need not be an anti..st to cteate youh

own e65eetive vaucia.

Only two pieces of equipment are needed for

effective visual communications - -an overfiead pro-

jector and a copying machin8 for making transpar-

encies. A transparency can be made Prom an orig-

inal in a matter of seconds. Remember, a visual -

is a picture of an idea. Concentrate on one



point or one comparison for each visual. Use

-color for variety and emphasis.

EUeetive_04e o 5 Titanomencia

For an effective presentation, the instructor

shouldreview the transparencies prior to-their

use so as to:

. a.' Prepare lesson objectives.

b. Arrange .the order .of presentation.

c. Determrnewhich ones, can be used as a

ibasic or expansion and.clarificatiom

Of.a.majcir poinv

. Determine which transparenCies can be

used to illustrate revisions, additions,

or variations.
\._

e. \Determine which transparencies can be.

used to display'complex figures..

Techniques- Liz:big the Overhead Projector

There are some very important techniques

that every proficient user of the overhead takes

for granted that should "be mentioned.

a. Face the group at all times to maintain

eye contact which allows youto talk

directly to the class and monitor re-

action's.

Look, at the visual on the projector-

stage rather than on the screen. DO .

NOT use a pointer and turn your back to'

the group. Reinforce identification by

pointing with your finger or pencil on

the projector-stage while discussing the

illustration.

c. Be sure everyone can see the screen.

PrOjecting the transparency to a screen

located in a corner six to eight feet

high in the front of the room is most

effective to assure that everyone can

see. No need to turn off room lights.

d. COntrol the attentionof students by

simply turning the prbjector off when

you want your classes' attention, then

turn it on again when you wish-to direct

attention back to the visual.

e. Develop the habit of turning off the'pro-

jeclor when changing visuals to avoid
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distracting the class with unnecessary

movement on thescreen and position thd'

visual before turning the switchon. "

This also helps to.maintain class at-

tention.

f. Reveal the projected material'to the

class a section at a time by blocking:

out areas of the transpar,..cy by a

piece of paper, thus projecting only*.

the material-under study. This keeps

the class from getting ahead of the

visual lesson.

Use a grease pencil or felt-tipped' ov-

erhead-pen to show a key concept, to

underscore a point, or to indicate-

moveieht. Emphasize/and supplement

--the transparencies by using pressure-

sensitive materials.

h. Information which lends itself to a

_step -by -step' presentation can be broken

down into its components.. Each step is

put on a separate transparency and then

all are taped together or attached to a

cardboard frame and are then folded in-

to place as an overlay as the inforMa-,

tion is developed.

i. Stand just a little bit left of the pro =-

jector to-make sure your shoulder doesn't

g.

block the screen.

j. Encourage student participation at the

overhead projector. Provide material

for them in advance for them to make

overlays.

k. Use two overhead projectors, if neces-
\\,4\

ry: For example, use oneto show a

ci rcuit schematic and the other for

problem\solution. Or, use a projector

and the Tckboard if necessary. Do

not restrict
\
yourself to one or the

other.

PROGP4itMEV INSTRUCTION

Programmed instruction i another tool that

the electronics instructor can use. This type of
.

instruction may be produced in vac ous forms such

1'
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as-book, audio and video tape, computer-assisted,

.etc. -The, material is presented in aiseries of

Iramet, each of which generally cads for a re-
'

sponse_from the-student. The student responds,

the- correct answer is given, and ii,theanswer

...
-£s- correct,-.reinforcement is provided. the

_ant-Wei-4S not correct, the student is redirected

to-preceding information.

,Programmed material can be an,effective in -

. .structional tool for the electronics program if
1

it_itiuted properly. This means that there are

times when-this can be a very effIctive method

fOr:some students- and should be used to supple-

,-Mtntinstruction. Programmed material is a very

,good:place-fOr_studenta that are slow or having

troubles. -One area that works quite well is for

students that-are-having trouble with the math.

'An'abialdande of;goOdprogrammed math material is

available which-Can'help thoseith weak back=

grd'undi. Alto, progiammed material is very gOod

fora=qUidk review or for the student that wants

tbiwork on his own. Programmed instruction, like

',any-other method, has its advantages and disad-

vintaget;-and.it is up to the instructor to de-

*termine' when and where this method will work.

-4heet and atit4n4ic Pughamming

There.are two techniques used in programmed

instruction, linear and intrinsic programming.

In the typical linear prograis there ii only one

path the learner can, fdllonear frames are

. . . . u s u a l l y y thqrt and consist afwstatement that
..........

t-

gives a preceof information and requires the

student to use this information in cdmpleting

sentence by filling in a missing word or words,

and then. he checks his response from the'correct

. answer. He then goes on to the next frame, al-

though he may be directed to skip ahead if he

demonstrates command of the material at certain

points or he may be directed to repeat a sequence

or do a remedial sequence. He usually progresses

in a step-by-step forward direction.

Intrinsic or What is commonly called branch-

ing technique provides a ieir ing sequence that

is determined by the answer he selr is from the

choices that have been provided. If he selects

only correct answers, his progress is direct; if

hedges not, he may be pretented with remedial

materials and.proceed through a series of loops'
.4)

which keep returning him-to points along the main

path. The answer thatis selected, itually from a.

multiplerchoice group,determines thenext_Aept

The computer undoubtedly has the greatett

potential in this type of programmed instruction.

The computer can accept and evaluate responses,

constructed by the Student, can prOvide almost

unlimited branching -on a variety of criteria in

microseconds of time. The computer isprimarily

limited by the ingeniousness of the designer of

the program. A more detailed discussion °room:

puter.assisted instruction appears later in this

chapter.

PubZents whit Prpgnammed In4t4uction

The problems encountered in thause of pro-
,

grammed instruction in electronics include iden-

tifying those technical students who can benefit

most from this method of,,-instruction, identifying'.

skills or concepts that can be learned best With

this techniques btaining effective prepared pro-,
grammed material that is commercially available

and preparing instructors to use programmed ma-

terials effectively and efficiently.

Pug/Dammed Textbo 01V6

When I hear the word programmed instruction,

I immediately think of programmed textbooks, and

this'is what I would like to touch on now. Very

little good programmed textbooks.are available '

for two-year electronics programs. A partial 1

list of those available is presented in the

Appendix.

Programmed textbooks should be used as a

:supplement to other instruction and not depended

on as a primary source. It has been found that

some students like and benefit from programmed

texts while others do not. Therefore, prbgrammed

material should be available for those students

that can benefit most. Programmed material can

be .a big help for the instructor, -- very good

--tource for review and self-study for -the
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instructor and a good source for instructional.

material. Avery good set of programmCd'in-

gtruction that is relatively inexpensive and

very good are the ones from Tektronix. If you

ire not familiar with these; I suggest that you

take a look.at them, A listing of programmed

textbooks can be found in the Appendix of this

report:.

INSTRUCTIONAL FILMS

Instructional films canite a valuable sup-
1

.element icrthe electronics curriculum if used

properly. For example, a film may be able to

present,phenonena that cannot be demonstrated

_easily-by. so* other method. Examples might in-

Clude'rotating phasors, waveforms, reflected Q.

wives,,_, fields-, physics of semiconductors, etc.

AlMoSt_anything that canbest be presented by

animation-can best be done with film.

There has been considerable criticism.of

comMercial films* electronics instructors.

They complain that films require:

a. Too much class time.

,b, Too much material is presented in

too little time.

c. Material is not up to date.

U. Films have to be ordered so far in

advance and never arrive at theAl,

propriate time.

e. It hard to find good films.

°f. Rental of films costs money.

These and many more legitimate complaints are

constantly being brought up by instructors. To

help solve some of these problems, ETCDP has con-

centrated
/

centrated part/of the year-long activities on

films. Same of these activities include the (ol-

ti lowing

1. search for, and review of, 16mm and

'8mm films. The impossible task of re-

viewing films was kept to a minimum,

although many were viewed. 'A
4r

hensive list of-16mm-and-8mm-films,

' most of which are free, appears in the

Appendix.

2. A pilot experiment was conducted.on,

making- amateur kilns in industry, A

detailed discussion of this activity

is presentedin a latersection of thi;.

chapter.

S. Effort was made tc find out why schools,

do not use films.

4. Investigation of fhe places inthe Cur-

riculum that films could best be uti-

lized. Some of.these.placeg have

ready.been'identified in a previous

paragraph.

One of the reasons.that schools .do not use

films is because instructors-do not know how to .

properly use them. Perhaps the following sUgi

gestions might 'be helpful.

a. Prepare the_class and tell why the
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film is being shown. Agt one orore

questions tostimulate student inter-
. .

est and list the key points to watch

for. This means that the instructor

must preview-the-film before being:

shown to the class (mobt,gene/may

not done).,

b. ShoW the film and then discuss the

major concepts. Studentssonetines

need to see a film more than once to

, grasp the major points.

c. Use films as supplements to cur icu-
I

jum, not in place of, where appropri-.).

ate. This allows for more flexibility

and relieves worrying about filmsar-

riving on time.

'd. Instead'of showing films during class

time; make them available during some

free period or perhaps form an elec-

tronics club,that might show films on'

occasion. Showing films. during lunch

time has been very effective for some

schools. Also, by making films avail-,

able, students can view them as'Often

as- .they -want.

e. Many schools purchase films that are

very effective so that they do not



have to worry about ordering them. Ther

are several good films that fit this cat

egory which are good forYrecruiting stu-

dents.

-SUPER 8MM FILMS

In addition to 16mm films, Super 8mm films .

have considerable, potential for electronics. Su-
. . .

. ,per 8 is a.new. kind of 8mm movie film which gives

a-brighter, biggerand a much sharper picture .

that approaches the quality of.16mm movie film.

Super 8 has'the same width as 8mm, but the pic-

ture area_is 52% -larger because the'sproadt holes

'aresmiller and closer to the edge of the film

.. and-there is lesS, eparation between frames.

Regular 8mm film i on.the-way out because Super

8 -as scrmOch supe ior. The point is, tnere is a..

difference betwee 'Regular 8 and Super 8, and

different projectors or.one

th 8mm and Super 8mm.

.-
therefOre requir

that will .play b

Loops

Film-loops-

than minut

-.saline-or are si

the. possibiliti

Tilicro-pbotogra

so on: In fac

concept where

are-short-and are generally less'

s long. They may either have

ent. The film loop offers all.

s that film can be used, such as

hy; animation, slow-motion, and

, it, can be used for any kind of

otion or tic is an intrinsic part

of-the concept!, .For example, the generation of

,a'sine wave is a concept in which time is'very

important.,

Film loops are very.easy to use. They are

permanently enclosed in a plastic cartridge. To

use the loop, the cartridge is simply plugged in-
.

tothe Iiiiijector and turned on. Mere is no

''thieading and the main Cause of film damage is

.oliminated, because the fingers never touch the

film.

As the name indicates, the'loop ss continu-

ous and will run ovet and over until it is

stopped. This allows the student to ,view the

conc*ept-untu heunderstands._ Ile film never

has'to-be rewound,'and the film can be started

or stopped or inserted or removed at any desired

time.,-notjust at the beginning or end.

As a whole, the commercial loop filds that

are available leave much to be desired. If there

is no explanation on the film itself, it is.dik-

ficult-for the average learner to get much out of

it. Of course; subtitles can be added to the,

silent unit, but this does not really satisfy.

Most of the ones that I have viel:red are very con-

fusing, and very few are of the level required

for this,type of electronics curriculum. Most

are concerned with chaaing etec:taonA.

The ideal is Super 8 with sound. This meth-
,

oa does have great potential since a combination

of good quality photography in color alongrwitA
.

carefully written scripts will explain concept's

in more detail. It is a relatively inexpensive

method And one that can be done by the instruc-

tor. It is an ideal way of placing.demonstra-

tion,or related lessons on a permanent visual

aid. A major probleM, however, is that there

is no standardization of hardware or cartridge

for Super. 8 with sound.

Super 8mm filmloops are equally useful for

individual study or group viewing. Each film

ldop comes ,in a ready -to -use snap-in cartridge,

and covers a single concept in 3,4 minutes:' The

advantage isthat it can be repeated over and

over again. This is an advantage since inmost

classes the learning rate of the students is not

the same. There is a difference between Regular

8mm.and Super 8mm, with Super 8 being the better

quality. There is very little commercial film'

loop material that is of any value.

ELECTRONICS SEMINAR

One of the easiest and mostbeneficial ac-

tivitiesto incorporate into thd curriculumcis
.ft

the electronics seminar. This is one of the

best places to help develop interest, attitudes,

knowledge, an appreciation of the electronicsj,

industry by bringing in workers in the field.

This might include engineers,. technicians-, su-

pervisors,'past graduates,, management, salesmen,

etc. The electronics seminar does not necessar-

ily have to be offered for credit, but can be

an informal activity in which the students can

j-)215
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become familiar with activities of industry and

industry can become familiar with the students

and curriculum. 4.7be benefits to be gained from

an clectrqnics seminar can not be over-emphasized.

-If {you are not presently conducting this type of

seminar, I strongly recommend that you give it a

ry. .
t

:CLO S"E1).-CI Rai I T TV

CTV can be a tremendous aid to the instruc-
t

tor. Th wain advantage is.that it puts every

students in a front-row scat. ,' r example, the

Aiilitt of acrliera to get clos sup shots ailOws

:the- Students to literally Look% vcr the instruc-

tor's shoulders with a clear view ,of eacfi clement

of the demonstration, <:
.

_ -

: An excellent opportunity to utilize this

'MediuM"is in the INTRO course.,. For example, a .

' ...
,discussion of schematic diagi-ams allows the stu-

.

dent to see,as well as the instruetor,such things

as symbols, signal flow,.power floW,
t,

etc. A more
t

detailed'discussion of schematic drilgrams appears

later in the chapter. Instrument.oah'De demon-
,

.Strated for operation and,cOnstruction tathiques-
can be observed. With the image magnification,

.

tedlinique, the names on-every knob can be read,

readings can.be taken, etc. There are many ap-

plicat for using, this method of instruction

.thqtneedto be. investigated.; .

Wifh tie development of video-tape recordini;

additiOnal applicptions are possible. .One.

plication is to use the VTR to record events out-
.

-side the claisroom to be -shown in the classroom.

An example that has considerable isossibilitics

of using-this method to ring industry into the

classroOit is:presented later in this chapter.

This method allows for demonstrations to be Out

- on esemipermanent format which can be used over'

and over.

Another important use-fOr video-taping tectk.

niques is instructor evaluation. This allows tt;e1/4''--

instructor to view himself either in. private or

with someone else and to help point out place*

where improvements might be made. This technique

of improving teaching has been found to be very

successful. A very good source for more infor-

mation can be found in the March 1970 publication

of Engcliecung (Jac:att.:h. ..The article, "Video....

taping and microteaching technique# to improve

enginee-ring education," is a report of a pile

experiment conducted.atthe Department of Gener-

al Engincerind at the University of Ihinois.,
f

AUDIO - TUTORIAL INSTRUCTION

Audio-tutorial instruction has-much to of-
.

"fer for both the instructor and the student. It

is one method of instruction that allvinstructors

should give iereful.consideration. ,1 -more de-

tailed discuAion is presented in the next chap-
.

ier with sample A-T kessonA.

Alio, in the Appendix a"list of Aide -tape

presentations is,presented
a
hith descriptions.

These materills are being developed by Phil

Cutler of IRA and are of the level necessary

for,ati chgincei-ing technology program.
.

.

COMPUTER-ASSISI-EV INSTRUCTION

Using a computer in 6e teaching-learffqg

process has much to offer for the electronics

curriculum. A discussion of C-Al is present :d

in Chapter'8.

COMPUTERS ;WV CALCULATORS

The use of computers and calculators to

help with problem solving allows much/more

flexibility, decreases time spent on repeti-

tious calculations; and allows for more ad-
.

vanced worn: at a much earlier time in the

curriculum. A.mbre detailed discussion of

.computers and*calculators.hith'sample-prob-

lems developed by the Summer Institute mem-

.bers is presented in Chapter 8.
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1.11/9G MEDIA TO BRING' INDUSTRY TO THE CLASSROOM.

(AN EXPERIMENT)

-INTRODUCTION
.

:,The folic:IIling is a summary of a pilot ex-

_ periment that'was.conducted AiiNovember of

-1969 Ts a part of the'projeet. It was not A '

I

,trub-Operiment with hypotheses and statistical

analysis but rather an investigation of methods

.b that might be used to bring the real horld into
.

the educational envir4nment%

Many students enter an electronics tech-
. 1-
nology progralawith very little knowledge of

what an eleetronicstechhician does out on the

1

that he has seen on TG or commercial films.

They do,not-represent the real world of elec-

trohics and are usually centered around a

-company, produCt, or process hith

emphasis being to advertise the company. The

are very unreal and do.noegiye a true pictur

of the instrumentation, techniques, and role

of technicians in industry.

3. To develop a procedure for effective

utilisation of this media in industry

and the classroom.
.

4. To investigate the application of this

activity to the electronics curriculum'.

5. To suggest guide linCs whereby others .

-may devOop similar presentations.

6. To see it the average classroom'

teacher can complete this type of1ai2

activity with adequate results.

c

job. .What little knowledge he may have -is-. EQUIPMENT USED e

-probably aistorted.by the-gloricie,d iflf.J4rmation 1. A completely portable, battery-

INDUSTRY AND THE CLASSROpM

There are several ways of bringing the

industrial, atmosphere- into the classroom and

laboyatory. Some of these ways arc:

1. Audio Tape

. do-op Programs

3. Field Trips

4. Films

S. Industry Speakers

6. Instructor Experience

7. Slides

8. Video Tape.

OBJECTIVES VF THE EXPERIMENT

1. To investigate the use of selected

media equipment to bring industry

into theclassroom.

2. To investigate the attitude of

industry to this type of activity.

e
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operated 1/2 inch VTR system that

could be carried and operated by
o

one person. It consisted cf a

hand-held video camera with zoom

lens and an electronic viewfinder, )
with a built -in microphone connected

to a shoulder-carried video tape

recorder.

2. A Super 8 millimeter movie camdra
c.

i

with automatic light control with

battery operated zoom lenses

3. A 35mm/f 1.4 camera.

4- A 16mm movie camera not battery
t,

operated.

S. A portable audio tape reorder.

COMPANIES SELECTED it

I

Four companies in the nokhwest suburban

area of Chicago were asked to! participate.

Initial contacts were made is ith Industry

Advisory Committee members/from William Rainey

Harper Collegesby Roger of Harper

College and a member of the project Steering

Committee. Following this, a letter was sent

describing ITCDP, objective of the experiment,

and a request for permiAsion to carry out the

project. All companies' that we-etft-ttittmci

offered their assistance and allowed us to

1
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enter for the purpose previously described. The

companies with their rospective'representatives

were as follOws;

Chicago Aerial Indpstries
550 West gOrthwest Highway
Barrington, Illinoi..'60010

./Advisors; Jerry Schasfe
Roger Wolin
Julian Saper

Motdrola, Inc.
1301 East Algonquin Road
Schaumburg, Illingis 60172

Advisors: Burnham Casterline
Ed Schwellenbach
Ken Johns

Underwriters Laboratories
207 East Ohio Street
Chricago, Illinois 60611

Advisors: Harold Bond
Robert Van Brundt

Western Electric. Company
Hawthorne Station
Chicago, Illinois 60623

Advisors: John Smeljanic
Don Reed
Gary Melhart

Appreciation is extended to the above

companies for their co-operation and assistance.

Each company went out of their war to Make this

project a success. It is a pleasure to work

with such helpful people and to note the co-

operation that exists between education and

industry.

Each of these companies was seiected
because of the diversification of product and

utilization of manpower. Each had particular

points of interest for the student. For exampie,

Chicago Aerial manufactures military aerial

, reconnaissance equipment, Motorola at Schamburg

makes two-way FM communication systems, Under-

writers Laboratories is a testing laboratory.for

safety of consumer products, and Western Elec-

tric is the manufacturing arm of the Bell

Telephone System. °hese companies cover a broad

spectrum of employment opportunities available

to technicians.

40.

.INSTRUCTION ON EQUIPMENT

Advice on the various types of Media to be

used was obtained from the Instructional Re-
.

sources Staff of both Harper Collegeoand Parkland

College. Operation of the equipment was gone

over verbally and the-operation of equipment

at the plant site was accomplished without I

prior practice. The equipment used was select-

ad for a minimum of operator intervention,

just aim and pull the trigger.( Lens opening,

shutter spadd, anti zoom capabilities that re-'

quire a minimum amount of adjustment are

aerantageous, factors for the amateur. A camera

operator from Harper Cdllege was used to operate

the 16mm movie camera. This was the only

professional help utilized while visiting the

company plant sites.

FILMING PROCEDURE
t,

The following procedure was used at each

company;

1. Generally arrive at about 10:00 a.m.

and me.. with company personnel.

2. A quick plant tour with points of

knteresr noted for later return

3. A discussion of the plant, background

and history of the company, the

ETCDP, what exactly we would like to-

shoot, etc. Settings and types of

shots were discussed, proper persons

notified, and permission cleared,

4. Major areas of interest were visited

and firmed, video taped, and slides

taken. Three persons were involved

in the picture taking activities.

The responsibility was as follows:

06 person operated the portable

video tape unit; one for the 16mm

camera with tripod; and the third

utilizing both the Super 8mm camera

and 3Smm slide camera. The audio

recorder was utilized primarily in the

discussion sessions.

S Usually completed by,3":00 p.m.

This schedule way followed for each
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of the four days spent with thetexperiment.

Operation became smoother each day as we knew

a little bit more'about the operation of the

equipment and the areas that we wanted to shoot.

RESULTS

1. Some industries are willing to co-

operate' in this type of activity.

2. Each media has various advantages and

.disadvantages. (See chart on next page)

3. There is definitely an application of

this activity for the classroom and

the electronics curriculum.

4. It is an activity that an amateur can

do with little or no practice.

CONCLUSIONS

This type of activity has a lot to offer

to the.electionics curriculum, and to the stu-

dent. First-year and even second -year reactions

to seeing much of the material were quite favor-

able and encouraging. What effect upon the stu-

dentsfuture in the program this will have can
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not be determined 44 is worth further investi-

gation.

Our feeling is that the student will,have

a better understanding of the function.of the

manpower team in industry. Not just the techni-

cian but the craftsman, industrial technician,

engineering technician, engineer, management,

etc. Also this should help to develop a healthy

attitude relating to the concepts and manipula-

tive skills necessary for success oh the job

because of the actual technicians seen at work,

the equipment used, and the functions performed.

Many insights can be presented through the

use ofmedia that can emphasize the real wor10:

and show the student why he must become know-

edgeable in the areas of circuits, electronics,

and laboratory operations. 16 nothing Ube

o6 value, at tea4t the 4tudent w U see that

the wo4h bench Zs actually me44y and ctutteked

with ;minted cikduit boakc14, equipmeht, c6mpo-

nent6, and not clean and neat a4 moat commenziat

p4e4entation4 depict.
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35 MILLIMETER 1/2-INCH VIDEO TAPE

COST

High-Speed Ektachrome.

Color Film 36-exposure $2.50-3.00

,Processing-36-exposure $2.50-2.75

Camera $100.00-400.00

Slide Projector $ 60.00-200.00

. .

Vidco Tape per 60-min. roll $30.00-40.00
.

Processing

Camera and VTR $1200.00-1800.00

r
'

Television Monitor $120.00-400.00

Total cost of tape
with sound per min. $.50-.70

.

ADVANTAGES

9

a. Equipment is simple to operate.

b. Good quality picture.

c. Available in black and white

or color. 0

d. Very inexpensive.

a. Equipment is simple to operate.
b. Both sound and picture are recorded

simultaneously.
c. Instant feedback, no need to wait for

commercial processing.
d. Opportunity to eras:- and retake.
e. Tapes can be used over as many as SOD

times.

f. Easy storage for tapes.
g. Portable and light-weight equipment.
h. Relatively inexpensive.
i. Easy to edit and dub.
j. Can be narrated over and over.

DISADVANTAGES

'

,

a. Still picture is not effective

if movement is to be emphasized.

b. Not very effective without

sound (A sound-slide pre-

,sentation would be better).

a. Lack of compatibility between
different makes and models unless
universal model VTR\s are used.

b. Difficult for school, to exchange
tapes because of comliatibility.

c. Can accidentally be ciased.
d. Initial investment in equipment is

moderate, but could be drawback.

e. Usually'not in color. (N y or may .

not be a disadvantage.)

\
.

.

POSSIBLE
APPLICATIONS

a. Very effective where movement
is not a factor. For example,
at Underwriters Lab',a product
is tested generally at one lo-
cation. I

.
.

I

b. Good for close-up stills of
equipment.

c. Can provide sequence of specif-
is operations with, emphasis on

2etail. t

a. Most effective for talk sessions
by company personnel, technicians,
engineers, etc.

b. Very good method when viewing a
technician at work and having him
or his supervisor explain his
operations and functions.

c. Can show assembly line sequence
of assembling, automatic soldering,
etc. Can trace the process or
product from raw to_finished
product.

d. Has the greatest application when- -

ever sound is of prime importance.

PREFERENCE Three . One
,
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- ', SUPER EIGHT MILLIMETER' SIXTEEN MILLIMETER .

. .

Color film per
100 ft (8 min.) $4.50-5.00

Processing per 0 ft $3.70-4,50

Sound s ped per 100 ft $4.50-5.00

amera
z

$200.00-800.00

Sound Projector S100.00-900.00=

Camera with lip sink
audio equipment $300.00-500.00

Processing with sound per 100 ft S12.00-13.00

Total cost of film
with sound per min. $1.60-2.00

Color film per
200,ft (8 min.) $15.00-20.00

Processing per 200 ft $11.00-15-00

Sound stripped $9.0040.00

Camera $1000.00-8000.00

Sound Projector $500.00-1700,00

Total cost of film
with sound per min. $4:0-5.50

'

i

- a. Equipment is simple to operate.

b. Good quality picture that
-

approaches

. 16mm quality.
c. Available in black and 'white

or color. /

d. Possible to have lip
sink sound.

e. Cost is not mreasonable.
f. A permanent record.

g. Can be exchanged with other
schools.

Ii. Can be narrated over and over.

. 0,

%

a. Equipment can be, but not usually simple
to,,,pperate.

,

b. Very good quality picture.

c. Available in black and white
or color. .

d. A permanent record.
e. Can be exchanged with other schools.

f. Most schools have 16mm projectors.

g. Can be narrated over and over.
.

a. Schools may not have reel to reel
magnetic sound projectors.

b. Difficult to narrate sound to produce
a good film. (Ideal is one that records
sound at the same time.)

c. Not very effective without
sound.

.

_

a.= Almost impossible to obtain lip
sink sound without professional

.

help. -----
b. Can be narrated, but is not as - --"

effective as hearing other people
talk.

c. Most schools do nothave a 16mm
magnetic sound projector.

d. Cost is relatively expensive.

.

.

a. If sound recording capability is
-

used, the same applications can be
realized as those of VTR.

b. Without sound, very good for
assembly line sequence.

'
.

a. If sound recording capability is
used, the same application of VTR
and Super 8 can be applied.

.z.-

.

b. Without sound, very good for

assembly line sequence.

Two Four
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THE LANGUAGE OF ELECTONICS

INTRODUCTION

TAe study of electronics is highly dependent

upon the language of electronics that is used.

The language is the means by which the technician

must communicate with other members of the man-

power team. To be successful, the technician

must be able to convey his ideas and to under-

.stand ideas that develop between craftsman,

engineers, other technicians, customers, manage-
.

ment, etc.

Althoygh we as teachers realize the depen-

dence on the language, we rarely acknowledge this

dependence. We are Limited by the language when

teaching an electronic concept. ,Thus, the stu-

dent must master the technical terms involved

before he can possibly hope to understand the

concept under study. If he does nut master the

language, he will not get the concept.

Not only is it necessary for the student to

master the technical terms to learn the concept,

but in many cases the technical term, itself,

IS the concept. In these cases, knowledge of the

technical term is theonly knowledge necessary.

In this respect, it Must be pointed out that the

technical language is more than just a tool of

the technology. It is the key to the technology,.

A thorough knowledge of the language of the tech-

nology represents about 90% of all of the know-

ledge of that technology. For example, included

in the understanding of the term "voltage" is an

understanding of Kirchoff's voltage law.

TECHNICAL VOCABULARY

The language of electronics can be divided

into three basic parts. The first of these is

the most obViouS:but not necessarily the most

important. It is the technical vocabularyohe

words that have been formulated for electrpnics

or have been adapted to take on special meaning

in electronics. This is the area in which we

are most dependent upon the language when we are

lecturing to our students,. They must understand

the terms we use in order to understand the

lectuEe. This is pretty much of a limitation

but it is possible to turn it iliol an advantage.

Since most topics are actually built around a

few key technical terms, these terms by them-

selves, -constitute a sort of rough outline of

the topic presented. By emphasizing the tech-

nical terms in a vocabulary section we can

°Flluminate/the_struciure of-.-the--topic to the

student at the same time-we are overcoming the

language barrier. In addition, the vocabulary

section, by itself, can serve as a rough out-

line that the student can refer to any time in

the future for review.

Any'good understanding of a technical

term includes:
.s

a. A definition of the term.

b. The relation of that term to .

others inithe technical vocabulary.

c. The reason behind using that term

for that definition instead of using

`some other term:

Most of these things are taken for granted

by those of us who use the term every day. When

you learn a technical term you unconsciously

222

look for these points and this is an indication

of a good student. The good student will see

these relationships easily while the poor

students will have a hard time digging out this

information. If we were to stress these rela-

tionships we would help the poor students and

not risk boring the better students: From

the above discussion, it is apparent that

stressing the vocabulary and using it to ad-

vantage will:

a. Pinpoint the heart of concepts to be

presented through the use of key words.

b. Provide a rough outline for any lesson

that the student,can use as a study

guide.

17



c. Emphasize the key areas which a student

should concentrate on when reviewing

for a test.-

SYMBOLS

The econd basic part of the language of
4.

electronics is the usetof symbols. The use of

a symbol.requires a precise understanding between

the user and his audiencelabout the meaning of

the symbol. The symbol is used because its

meaning is very precise and can be conveyed with-
,

out the use of many inexact words. Without the

predise understanding about the meaning of the

. symbol, its use causes a total void of communica-

'tion. In electronics, there are two types of

symbols that are commonly used: mathematical and

electrical. When we use mathematical symbols

itis important that we either Ilse symbols that

are_quite_familiar_to_the_stuaent_or_make_the___

.effort to assure that the student becomes famil-

iar with the symbols. It has been proven that

students learn a mathematical concept much more

easily and quickly. when they are familiar with ..

the symbols used. If strange symbols are used

the student May overlook the simplest mathemat-

ical relationships by worrying about the unknown

symbols.

Most electrical symbols are a combination

of a mathematical concept and the physical means

of achieving the mathematical concept. For

example0O1VVV, the symbql for resistance, is

'drawn it such a way that it looks like it could

slow down anything that it to travel through it.

At the same time, it also indicates a way by

which we can make an actual resistor. We could

take a long piece of thin insulated wire and

then fold it so that it will be more compact and

easy to handle; then we have a resistor that

looks exactly like the symbol for resistance.

It should be pointed out that the symbol for

resistance takes on two different meanings de-

pending upon how it is used. If the symbol

is shown by itself, it usually means the mathe-

matical concept of resistance, not an actual

physical resistor. If, however, the symbol is

3

part of a large schematic it usually indicate3

an actual resistor, or, if you.wirl, an idealized

model of an actual resistor.

When we explain the meaning of any symbol,

there are several things which we must stress.

Among these are: ,

...

a. The definition of the symbol*

mathematical and physical terms.

b. The difference between the ideal model

for a device and the practical device

itself. ^

c. The reason that that particular symbol

is used for that particular-concopt

instead of some, other symbol.
.

DIAGRAMS

The third part of the,language of elect-

ronics technology is the illustration or the..

diagram. It'generally is used to show relation-,

ships between two or more elements or events.

Ln addition, it usually.uses vocabulary or

symbols. There are several types of diagrams

used in electronics. These include:

a. Schematic diagrams, which show the

electrical relationships between

elements.

b. Charts and graphs, which are to

indicate the relationships that

exist between parameters of the

electronic circuit.

c. Pictorials, which indicate the

special relationships between parts.

SCHEMATIC DIAGRAMS

A schematic diagram to a technician is

like a square to a carpenter. A good carpenter

is one that can read a square; a good technician

is one that can read a schematic diagram. This

ability is usually an implicit learning process

that the student may or may not acquire. This

is one of the most important tools that the

technician use and should be an explicit part

of the curriculum. Many important concepts

can be presented early if the student knows

the language. The place to start with the
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discussion of the schematic diagram is in the

INTRO course. Schematic-diagrams need not be

a special topic but rather the many things that

can be read from the schem'atic should be pointed

out with emphasis at the appropriate time.

For example, the student should-know that

a schematic diagram shows:

a. The sequence of signal operations.

b. The dependence of each circuit

block on neighboring blocks.

c. A'logical pattern for trouble-shooting

the system.

d. A method for locating the parts on

'the chassis.

e. Mechanical connections,.linkages,
.

or grouping ofcomponents.

f. External connection's.
4

g. Relative importance of components.

h: Interconnection of components.

i. Values and limitations of components.

NOTE: Additional discussion cn these

points appears later.

The student should also know the conventions

that are'used in drawing schematics. These

include:

a. Signal must flow from left to right.

b. Signal components shbuld be positioned

horizontally so that the signal will

flow through them frbm left to right.

c. Power,should be applied to the.circuit

at the top of the circuit.

d. Power and bias components should be

positioned xertically.

FM FM Tuning Unit

. 'AM-FM
Circuit Board

e. All connecting lines are drawn-either

horizontally or vertically unless,

specifically required by the symmetry

of the circuit. '

f. .Ground is always at the bottom of the

circuit.

All test points, components, connections,

pin locations, etc. are labeled.'

g.

h.. Overall symmetry through:

1. Evenly spaced components.

2. Similar components placed at

the same level.

3. Parallel construction.

4. , Progressive co struction.

i. Standard symbols and co yentions are,

used.

The function and the importance of 6

components and circuits are emphasized

-by proper placement and orientation.

k. Where possible, a picture of the

waveform is provided at a test point

that indicates proper operation

SCHEMATIC DIAGRAMS (A SPECIFIC EXAMPLE}

The following is a discussion of the above

mentioned points concerning schematic diagramg..

Reference is made to the Heathkit AR-13 stereo

solid-state receiver. which is reproduced with

permission-from the Heath Company. Due to the

size of the schematic only parts have been

reproduced. To give a complete overview of the

schematic lay out, refer to the following block

drawing that indicates the relative position

on the schematic.

Multiplex
Circuit Board

Power Amplifier
Circuit Board

Left Channel

Left Channel
Tape Phono Control
Phono Preamp Preamp Power Amplifier Power
Inputs Circuit Board Circuit Board Circuit Board Supply

Right Channel
4

."--Right Channel
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Signatows Rom Le6,t To Right

This is one of the most important points

that can ,be emphasiied about the schematic.

Because one signal does flow from left to rignt,

we can4tell at a glance the sequence of opeYa-

tions. The true importance of the direction

of signal flow is that it shows:

a. The order or sequence of signal

operations.

b, A logical method to follow when

trouble-shooting.

c. The role of each circuit as a

building block'in making up the

entire system.

Referring to Fig. 1, we see that the signal

is received at the external connections on the

left by theAM and FM antenna. The signal path

can then be traced through the circuit by

following the heavy lines. This makes it ex-

tremely easy to trace the signal through each

Circuit in the system. You can tell at a

glance just what happens when, where and how.

This is a very'simple but effective method of

drawing attention to the main signal path:,

Notice that the signal components are

generally positioned horizontally so that

the signal passes from left to right.

Gnound Is Atways At The Bottom

In every case, regardless of where the

ground lead is in the circuit, the lead turns

down before it connects to ground. Because

of this, in most cases the circuit element

or"device symbol is usually oriented so that

the ground lead will come out of the bottom

of the element.

Powers IsSupptied At The To and

And The Bottom 06 The Cincuits

The power for a circuit is usually applied

at the top of that circuit and the ground re-

turn, is usually at the bottom. combining the

ground at the bottom and the power at the

top of the circuit; we see that the power flow

2250..,.
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through the circuit will always be vertical.

Depending'on the polarity of the power'supply,

the current will either flow from the top down

or from the bottom up.

Notice that the circuit elements that

carry the power to the transistors' are generally

in a vertical position. Not only does the power

flow vertically through the transistor, but it

flows vertically through all elements leading

to the transistors. As a general rule,,we can

state that power elements are usually vertical:

The same reasoning stands for,most support

elements such as bias resistors. These support

elements, although they don't carry signals and

often don't handle power, are placed vertically

to keep them from becoming confused with the

signal elements.

The signal - carrying elements, as we have

already indicated, are normally positioned

horizontally. Generally speaking, we can say

that if an element is horizontal, chances are

O

it is a signal element or a coupling element,

and if it is vertical, 'chances are it is a

power or a support element.

CiAcuilA With.Simit4A Functionh Ake.

Peaced In Simitan Po6.ition4

In the case of the tuner sections (Fig.!)

the parallel construction is used to show

identical functions. In the case of the

amplifier sections (Fig. 2) the parallel

construction of the right and left channel

amplifiers shows both identical circuitry

as well as identical functiensc Circuits of

the system which have functions in co:nmon

with other circuits are usually drawn parallel

to those other circuits.

The similar positions of the parallel

construction can be in various forms. In the

AR-45, ,the parallel construction is essentially

through vertical placement, one above the other.

Another common method is to use horizontal

6
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placement. In this case the b 7 circuits are

placed side-by-side and the resting signal

comes out between or below them. This partic-

ular method.is less preferable to e vertical

placement because the'signal ceases to\flow

from left to right and can sometimes cause

confusion.

Ttamiaot Paitioning

-In practically every case, the transistors

are placed'so that they face the right. That

is, the base is on the left side. This is also

in keeping with having the signal flow from

left to right. Usually when a transistor is

placed backwards on the 'schematic, it is to

show a certain kind of circuit symmetry. Usu-

ally, the symmetry is used to show that the

circuit is trying to find a comparison or,

balance between two input signals. Such is

the case of the differential amplifier formed

by Q415 and Q416, the deviation squelch ampli-

fier showri in Fig. 3. Note also that the

. 3

transistors are placed on about the same

level on the schematic. This tends to make

the schematic pleasing to'the eye and easy

'to read.

Supponting Cincuits Ake De-emphaized

. The supporting.circuiiqunctions such

as AGC, squelch detector, power supply, etc.

are fairly well de-emphasized by their posi-

tion on the schematic. For example,-the

power supply board is tucked away in the

lower right hand corner. This seems to in-

s\clicate that the power supply serves no direct

function on the overall signal modification

of\the system. It only supports the system

\uppby lying the power.
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Utilizing Schematics _ ,

\ .

It is imperative that the student become.,

intimately familiar with using schematic
\

diagrams. This is a process which requires

\\time and mixI \ experience in the reduction of
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complex systems into a<series of simple sub-

units. The laboratory does not necessarily

providelhe only activity in which this exper-

ience can be giined. Circuit analysis courses

provide an excellent opportunity for practicing

and demonstrating the techniques of simplifica-

tion and analysis.

The student,as he progresses through the

electronics curriculum,should be able to analyze

a problem from a schematic diagram ins an efficient

manner. If a system is not functioning properly,

he should be able to pin point the trouble before

actually trouble-shooting the system. The ability

of the technician to select an efficient method

for the solution problems that he faces is one

that can not be dyer emphasized.' At the-end

cif.:ihe two years, the student should be able to

identify the most logical method to use in

solving a network if indeed a most logical
. ,

method exists. This ability ca' not be instilled

in the student overnight but rather must be, a

gradual process.

The method that will ensure that the student

will possess this important attribute upon.

completion of his program is to make this an

overt part of his curriculum.

First, what are some of the common methods

that the technician can use as tools? These

include:

a. Voltage and current divides.

b. Source conversion.

c. Superposition.

Thevenin's and Norton's.

e. Nodal analysis.

f. Loop analysis.

Which method to use on a particular network

-is not'determined by a tet of rigorous rules.

The question of which method of analysis would'',

be most convenient to use includes the following

considerations:

a. Network configuration.

b. -Results required.

c.
d.

f.

Number of equations to be solved.

Ease of fo4ulation.

In general, theAhevenin, Norton, and super -
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position theorems are used under more

specialized Circumstances than the Loop or

Nodal methods; In most cases, the problem

is to find only one or perhaps two unknowns.

The Superposition Theorem is very valu-

able when there is a combination of A-C and

D-C sources or sources that Are out of phase.

Thevenin's and Norton's Theorems are very/

useful when it is necessary to find an pquiv-
.

alent circuit, far example, when working

with maximum pOwer.

A network containing several parallel

branches usually has more loop th %n nodes,

thus requiring fewer node equations for its

solution. In some other cases, the number

of loops and nodes may be the same or there

may be more nodes than loops. If a total L

solution is desired, the shortest or easiest
f

method for the person solving the circuit

would be best. Also, depending upon what "s

I

is to be found, a current or voltage will

also determine the method of att k.

In a network of any degree of complexity,

the number of independent Kirchhoff Voltage

Law equations generally exceeds the number

of independent current law equations. For

' these cases., using the nodal method would

be bestIn general,'to work with a.complex

network,-there will be usually less nodeii
i

than loops.

It must be kept in mind that the solu-

tions of the bop equation4 au Loop CUAhen28.

Branch currents and voltages can be found from

these, bUt additional computation is required. .

Similarly, the solutions to node equation

are node voltages:1.

There is reallY no cut and dried method

to use for solving circuits. There are, how-

ever, techniques which can be used to ! '

simplify certain types of circuits. It is

the ability to recognize these circuits that

lend themselves to obvious methods of

solution that will help the technician on the

job.
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AUDIOtt,TUTORIAL INTRU-CTION

WHAT AMP. WHY OF AUDIO - TUTORIAL"

Audio-tutorial instruction is a technique

which uses an audio-tape recording to present .

some part of the instructional material in a

unit of,study. It is more than a canned version

of the traditional classroom lecture. The audio-

tutorial method'of learning co-ordinates a multi-

media approach for independent instruction that

challenges students of every background atidkabil-'

ity. Each student can become directly involved

in his awn education and seek a learning rate
/1."*-

:matched to his ability and desire.

As early as 1912,, the question of which mode

of presentation had the greatest effect on learn -

f7
ing was being investigated. Studies have shown

. ,

that some Students learn best by seeing, others

._. by hearing, and still others by, both hearing and

seeing. There is no doubt that students 'vary in

their ability to.absorb agd understand, yet

m
,

terial'is presentedito the entire class at the

sime time. Means must be available for student

s lf-instruction, so (that the student can proceed

a his own pace in preparation for class and/or

f1r reinforcement and review after the topic ha

been covered. The textbook alone does not seem

do be-very -effective,lecause- it does-not.provfde_

4

loop films, film strips, or any other medium..

The audio- tutorial` method of learning incor-

porates good learning procedures and involves

sequencing And integration 'of subject, m ter.

The future success olearning OUT

electronics programs is. dependent to .large.

extent on oui\ability to innovate success-

fully with what we know and are learning about

the nature of learning.' We should not be

long time.

worthwhile tlOn

the other hand, it is not

o scrap existing systems until we

can replace them with workable alternatives.

Applications-of audio-tutorial instruction

promise a.means of improving educational and

economical efficiency in the learning process

in electronics technology. Increased atten-

tion must,-be given to individualization of

learning to help the electronics student to

become a self-activated learner, each to his

ability. To accomplish this :goal, the role of

the electronics instructor must be redefined.

The instructor must not only use the traditional

tedia but must learn to operate in the class- .

room and laboratory with additional tools of

adequate and immediate feedback to the student A learning.

and appeals only to the visual sense.

The audio-tutorial method provides the Oppor-
.

;unity for subject matter to be covered in a

variety of ways by which all kinds of students can

' learri best. Each student can select the medium

which best suits him as an individual and it is

the.instructor% job to provide these means.

The audio-tutorial method can be used as a

basic instructional resource in 'the classroom and

laboratory. Prepared audio-tutorial lessons can

be available for students to use in the classroom,

laboratory, learning resource center, or at home.

Audio-tapes can be incorporated with slides,

written material, equipment, textbooks, closed-

0
10

The instructor has been and will continue

to be the single most important factor affect-

ingjearning. Studies have shown that students

can learn from the machine but it still takes a

teacher to inspire, encourage, and influence a

student to learn. Oi as another person said,

"There cau be mechanicai 'IL.teurce6, but, ,there

z no 'such thing az a meehanieat auteeze.

Audio - tutorial instruction is 4.upptemeting

&a/ming, not 4upptementag the eacttonia

imtuicton..

A
In spite of all that has been written about

audio-tutorial instruction, the fact remains

that the techniques now available have made very
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little inroad into the average technical education the ability to read and interpret a schematic

program. Thee are exceptions, but most programs

are only at the edge of the full opportunities for

these techniques for improving learning. This .

does no-..implrthat the instructor utilizessuch

techniques tothe exclusion of all others, or

'simply to be up with the times. He uses them 7

'only when and where they prove to be the most

effective means of learning.

Using audio - tutorial instruction effectively

requires the instructor to use a planned approach

toward definitestated educational objectives.

It requires the instructor to knowhere to lo-

cate materials, how to produce simpli-Me4,how

to plan instruction usi g media, and certainly

.= how to-present-the mater effectively. S6me,

techniques for producing audio-tutorial

learning is essentially an individual matter,
-

;based on maturation, ability,"-interest and pur-

pose. The,problemthen is to recognize these in-

dividual differences and to provide the widest

-variety'of learning experiences which will best

serve the learner. Audio-tutorial instruction,

can help to solve these problems but dces not

appear later in this chapter.

. _

-hold all of the solutions. No one method is good

or bad generally but rather it is a matter of se-
/

lecting the method which possesses such Character-

istics as to'make it possible to implement the

.appropriate conditions of 1 arning.

-A

.HOW TOPREPARt AN AUDIO-TUTORIAL LESSON
..

Step 1.- .

.

! Determine student needs and what is to be
. _

accomplished. List all of the objectives clf.the

z,lessen- This is one of the most difficult and

time-consuminief the several steps in preparing
.,

the instructional material. The instructor should

list as carefully as possible each achievement

which he expects the student to accomplish, keep-

ing in mind the level or degree to which the stu-

dents shoul attain. Objectives should be mea.-

surable.in erms of performance but they need,not

always. he a physical demonstration. For example,

diagram could be an obje tive that could be

measured in terms of spe?ific pefformance. It

is not enough to state a objective such as

to be liamitian with
\-\

Step 2
I '

Material to be presented shodka be-put in

. logical corder and studiedlas to the\best way

. the student can learn the ',points to be taught.

It is at this point that all available\media

are listed which might be useful in accomplish-

ing the established objectives. The use\of

\,media refers to every item that might be Used

in the class or laboratory and includes: mate-

rial to be read from a textbook or periodical,

Problems to solve, films to be viewed, exper-

iments to complete, a guest speaker, an audio'

tape, and'the many other items that might be

useful.

231

Step 3

Select the best method or methods to

accomplish objectives. If the audio-tutofial

method is selected, what additional tutorial

materials will be necessary to supplement the

audio tape. It may be necessary tdrefer

to a piece of equipment, a diagram, a slide

graph, a closed-loop film, etc.

Step 4

List the lesson material in proper se--

quence. For.example, if it is to be a slide-

tape sequence, Make simple sketches on 4 x 6'

index cardsof whais to be included in each

slide. This methdd allows foreasy'rearrange-

ment if necessary. \\

Step \\

Make a rough 'draft tape. There are sever-

al ways that the first tape can be made and

the method that is best haS to be determined

by each.instfuctor. The following are some

of the different methods that have been suc-

cessful.

a. One_technique/is to make the tape

from a rough written outline. With
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practice, this method works quite well

but is not the one forthe beginner.

b. A second technique is to have a student

helper do each item and-the instrator

record the tape as he directs the activ-

ities of the student through the entire

lesson. This method tends to add natu-

ralness to the material which causes,

each student to feel the instructor was /

talking directly to him. The questions;

that the student will ask can be. very

useful in determining what points need/

to be elaboratedithat are obscure or
,

incomplete and what items can be reduced

or eliminated. This method works quite

well and has the advantage of immedi te

c. A thiidt!chniqueis to make the-ta e

.from a complete written script. This

technique may produce the smoothest

tape but at the.same time it can be

.extremely dull. One thing that you can

snot do is record a lectdre. Also, to

prepare a completely written script re-

quires a lot of time in preparation.

1

\Step 6

Have the audio-tape.ranscriltd and edited

critically. Ideally, the rough- tape should be

revised before being given to the students out

this is not always possible. This step gives

the instructor an opportunity to mak sire the

words he uses express precisely the 1 slson objec-

tives. A technique which works quite Jell in,

this step is to have some students use !the mate-

rial early and then provide feedback al d also

help other students with points that w e not

clear or left out. If time permits, t ctape

could be revised before the rest of the Students

use the material ur at leatt before it iS'used

the second time.

Step 7 \

Make the final tape. The best way is prob-

ably to make the final tape from a manflscript

which has been edited and typed. The instructor
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shodld use a normal informal conversational voice

just as if you were talking directly to the stu-

dent/in your office. Don't use a recording made

by someone else because your voice identity is

spite important. It may be helpful to have

a student as an audience during the final

taping of the lesson. A little background'music

may be used but may put the student' to sleep

if the material is dull.

A reel recorder is preferred for making

the master/tape. Cassette machines tend to

coast whdn they are stopped and produce a

disturbing sound, while the reel type provides

instant stop. Also, a reel can be cut, spliced,

and edited much easier than a cassette car-

iridge. Generally the quality is setter with

the reel type.:Many machines for duplicatilig

tapes use a reel for the master.

qn the other hand, the cassette type,is

better for student use than reel type. For one

thing, they are smaller and easier to store

and handle than reels. The cassette machines

are generally easier to operate anethe

cassette tape can be removed at any, point with-

out having to be rewound, Many schools are

buying cassette players (only play back, do

not record) for students to take home. The '

technique of using players instead of records,

reduces the cost and also helps to remove the

pTibility of erasing the tape.

Step 8

Implement the lesson, monitor the feedback

data, and make necessary modification's. Work \

out an evaluation plan to determine if the

objectives have been accomplished and pay

attention to feedback data and make necessary

improvements. Always ask for comments from

your students so you can improve the effec-

tiveness of the lesson.

ADVANTAGES OF AUDIO-TUTORIAL

a. Requires no special training, talent,

or advanced preparation on the part

of the instructor. The simplicity

A



of the method makes it relatively easy

tolget started.

b. Provides the opportunity to learn in a

`variety of ways. Students cJil pace

their learning according to 41eir own

ability and can repeat the material as

often as they choose to gain better

understanding.

c. The instructor no longer needs to be the

/ mediator of all learning and can devote

/ more attention to the individual needs

of the student.

d. Forces the instructor to evaluate his

procedures and to reconsider his objec-

tives. This provides for a more uniform

and integrated presentation of thz.,

instructional material:

e. A very inexpensive system that Is easily

operated. Depending upon how elaborate

the *system, it can easily be applied for

one-tenth the cost of closed-circuit

television.

f. More students can be accommodated Wth-

but drastic-expansion of facilities or

faculty which will realize savings in

expensive building costs, special equip -

men., materials and supplies, and in

required staff time.

It is a convenient Instructional method

*for the instructor :who wants to make

the transition from the teaching tech-

niquesof :oday to thtise of tomorrow. -

For example, moving toward computer-

assisted instruction.

h. The studentis an active participant.

No'longer does he just have to sit and

listen to a lecture. He is required to

become involved during the learning

activity.

i. Above all, the students like this method.

g

They say they learn more quickly and

like the versatility that the method has

to offer.
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DISADVANTAGES, OF AUDIO-TUTORIAL

a. A fundamental problem with this type

of instruction is the, lackof adapt-

ion which will account for the dif-

ference between fast and slow learners.

Perhaps this problem can be corrected

by having more than one Cape and having

optional advanced work for the better

students and remedial.tapes for the

weaker students.

b. Tapes can not be made from prior

lecture notes. The reason being that

lectures usually are not planned to

incorporate simultaneous direct ex-

periences with study materials by

students during instruction. This

is one of the main advantages of

audio-tutorial.

c. Audi f:-tape cannot be scanned in the

same manner as written material.

This is'a disadvantage when a student

wants to review a certain section of

the tape. To overcome this problem

each topic can be indexed on a out-

line sheet giving the approximate

location on the tape where this topic

is discussed. Another method would

be to use a writte

would indicate appro

position of the, tape.

d. Units of instruction mus

programmed so that everythi

be covered. This requires a s

quencing and integration of learn

ing experiences which require clear

ly stated objectives for student

outline which

mately the

be well

will

achievement. This is the most lack-

ing element in unsuccessful audio-

tutorial instruction. Requires much

more planning than traditional

lectures.

e. Requires continuous monitoring of

student feedback. Material must be

c-



continuously modified and updated. This

is not any more of a disadvantage than

any other method of instruction. What

teaching method does not require modi-

ficition and updating.

f. It is very difficult to anticipate

trouble.spots in the lesson. As pre-

viously discussed; using advanced.student

feedback can help to overcome some of

the problem areas.

APPLICATIONS OF AUDIO-TUTORIAL

a. Audio-tutorial methods of instruction

can be applied to almost any area of

instruction in the classroom or labora-

tory. The following are some ways that

A-T might be used. Some examples with

suggested script and supporting material

appear later, in this chapter,

b. A very simple and useful technique is to

use an audio-tutorial presentation for

laboratoryjorientation at the beginning

of the semester or quarter. One tech-

nique is to have audio-tapes at several

locations in the laboratory with short

presentations of a few minutes. Each

student would then work around to all

of the stations for the orientation.

Another technique is to have a labora-

tory and even an overview of what will

be covered in the course.

c. Audio-tutorial methods can produce sev-

eral basic changes in the experimental

format of the traditional laboratory.

It is possible to completely eliminate

lab groups and concentrate on individual

instruction with individual student par-

ticipation in each of the experiments:

Experiments,are designed as audio-tu-

torial experiments which can be applied

to almost all experiments that are nor-

mally covered in a two-year program. The

student receives instructions, sugges-

tions, information, etc. from audio-tape
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and/or written material and conducts

the experiment returning to the audio-

tutorial material when necessary.

This method works best with an open-

lab in which the student is free to

do the work when he is free. More

students can use the same laboratory

with this method. To be successful

with this approach, a qualified staff

member must be available at all;times

to assist the students. This technique

allows for more personal attention for

the student in the laboratory. Also,

it provides for a more uniform pre-

sentation of the laboratory material.

d. Other good places that audio-tutorial

might be used would be for such, things

as drill, introduction of new material

review of material, problem solving,

circuit analysis, familiarization with

instruments, explanation of concepts,

etc. These and many more applications

, of audio-tutorial methods can be made

in the electronics program.

WHERE IS AUDIO-TUTORIAL BEING USED?

Methods of audio-tutorial instruction are

being used throughout the United States but

very little effort has been applied to elect-

ronics technology. The following is a list

of schools that I know are workidg with audio-

tutorial instructions in electronics:

School of Electrical Engineering,

Oklahoma State University

School of Electrical Engineering,

Purdue University

Department of Electrical Technology,

Purdue University

Washtenaw Community College,

Ypsilanti, Michigan

Oakland Community College,

Warren, Michigan

e's r_--1)
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William Rainey Harper Coilege,

Palatine, Illinois

Iliihois Central College,

Peoria, Illinois

Triton .College,

River Grove, Illinois

Kansas State College,

Pittsburg, Kansas

Lenore Community College,

Kingston, North Carolina

Bradley University,

Peoria, Illinois

Southern State College,

Springfield, South Dakota

PREPARING SLIDES FOR AUDIO-TUTORIAL

After the lesson material.has been arranged

in proper sequence and rough sketches have been

made, the next step is to prepare these sketches

tobe photographed. A technique that I have

found to be most satisfactory is to draw the

necessary diagrams on,4x6"cards so that they can

be easily, rearranged irnecessary'or used at

some other opportunity. These cards may be in

various colors that will give a pleasant back-
,.

ground when using color film. I would recommend

that color film always be used although studies

have tended to show that color does not increase

learning.

In making the drawings, a pencil can be

used in various cdlors or colored marking pens.

The felt-tip pens work quite well. Also, the

city transfer lettering kits, also known as press-

on, rub-on, work quite well. The letters are

made up of carbon and wax and are printed on a

plastic, acetate or polyethylene carrier sheet

and can be transferred to virtually any dry sur-

face such as paper, wood, metal, or glass by

rubbing on the letter with a dull pencil or ball

point pen. They are available in black, white

and a variety of colors. Various sizes and sym-

bols are available. Sets are available for all

standard component symbols JJke resistors, capaci-
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tors, transistors, transformers, and standard

component identification letters such as R, L,

C, CR, TP, etc., used in marking electronic

panels, chassis, printed circuit and terminal

boards. Also available are dial patterns, lines,

arrows, arcs, switch symbols, potentiometers.

For more information contact:

The Datak Corporation
Guttenberg, New Jetsey

Visual Art Industries
Brooklyn, New York

Visual Products Division
3 N. Center
St. Paul, Minnesota

Besides using transfer letters to produce,

slides, they are also very useful for meter

scales, control panels, equipment labeling,

etc.

Technique of placing transfer symbol:

1. Draw a light line on the surface to

which lettering is to be made. Or

if the drawing is on a transparent

material, a guide line under the

surface may be used.

2. Line up and rub a finger over letter

. to form a contact.

3. Burnish the letter on with a burnish-,

. ing tool, pen or pencil. Once in

place, they cannot be relocated.
1-.

4. Pull or lift the carrier sheet away.

S. To make corrections, pressure-
.

sensitive tape such as scotch or

marking tape can be used to-remove

L1;4
unwanted letters y' lightly pressing

the adhesive side f the tape to the

letter and carefully, peeling it off

the artwork. Also, a dry transfer

letter eraser, razor blade, or

rubber cement eraser may be used.

Now, we are ready to take the slide. There

are a wide variety of cameras, lenses, extension

tubes, bellows 'extensions, copying stands, etc.

that are available. To help you select the
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necessary equipment, contact your local photo-

graphic dealer for assistance.

'The most popular size far slide presenta-

tions is the'standard 2x2 inch slide. For this

purpose, a good 35 mm single-lens reflex camera

will do the job. Most 35 mm cameras-tad

fitted with extension tubes or bellows, or

equipped with similar means of focusing at the

short distance required.

For the instructor that does not want tk.

invest a lot of money in photography equipment,

tesolution.might be the Kodak Ektagraphic

visualmaker . kit. The visualmaker is housed in

a compact attache case, and contains a Kodak,

Instamatic 304 camera, two sizes of copy stands,
. -

film and flashcubes, plus a complete set of

instructions. Each copy stand has its own

built-in, Prefocused supplementary lens and a

reflector that provides the exact amount of

lighti)from the flashcube.

The larger of the copy stands, photographs

an area up to 8x8 inches and the smaller stand

an area up to 3x3 inches. A picture of the

Visualmaker with the 8x8 copy stand is shown.

With the Visualmaker all that you.:;do to make

a 2x2 slide or print in black and white or color,

is to drop in the film cartridge, attach the

camera to the appropriate stand, place the unit

over your material, attach a flashcube on the

camera, and shoot. Now you can make your own

top-quatity viattat4, and you don't have to be a

photognaphe4 eitheh!

With the Kodak Visualmaker you can have an

unlimited selection of color visual materials

without fussing with focus,. exposure, or framing.

You can photograph directly from books, sche-

matics, instruments, or from small three-dimen-

sional objects such as resistors, inductors, etc.

The Instamatic camera can be used on or off the

copying stand which allows an additional advan-

tage of being able to use the camera for any

occasion.

The Visualmaker will give you moderate .close-

ups and can solve your problem of not being a

professional by enabling you to produce slides

tailor-made to your requirements. A compete

viutat kit that A 60 easy and 600tetoo6 .to tune

that any etectuni.c6 imtuctott can make hi4

own 4tidez. The Kodak Ektagraphic Visualmaker

--kit costs a little over $100. For more

information, see your Kodak dealer.
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Kodak Ektagraphic Visualmaker

A WOODEN COPYING STAND

Also, for the instructor that is short

on funds, considerable money can be saved by

building a copy stand rather than buying one.

A simple wooden copying stand that can be

built for less'than $10 appears in the

appendix.
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LEARNERCONTROLLED LABORATORY

The Purdue University Department of Elect-

rical Technology is responsible for the two-year

Associate Degree program for Technicians, Bach-

elor of Science Degree program for Technologists,

continuing education courses, and technical ex-

ttnsion courses.,_ The Associate Degree and Bach-

elor of Science Degree programs are accredited

by the Engineering Counsel for Professional De-

velopment(ECPDY.

The Learner-Controlled Laboratory is a title

used to identify Electrical and Electronic Tech-

nology Laboratories that use the AUTO-TUTORIAL

teaching method. This is an adaptation of the

auto-tutorial teaching method that has been used

successfully at Purdue University in Biology,

Botany, Veterinary Medicine and other fields.

This self-teaching method, which emphasizes in-
.

dividual study, is made possible by the develop-

ment of low-cost audio visual equipment. Schools

can now afford to supply each student with audio

visual instructional equipment and materials in

addition to textbooks. The method has been used

successfully in complete courses that include

classroom and laboratory sessions, This expla-

nation, however, is for laboratory courses that

support the classroom activities.

The success of the Learner-Controlled Lab-

oratory is based on the actual operation of the

audio visual instructional equipment by the stu-

dent, not the instructor. The student, operates

the tape player and slide projector during the

performance of, experiments in the laboratory.

The purpose of the use of multiple instructional

media is to provide the student with the oppor-

tunity for self-teaching and experimentation.

The audio tapes and colored slides provide co-

ordinated explanations and photographs of the

actual circuits and.equipment. This exposure to

audio and visual material in addition to the

written explanations provides a greater depth of

understanding and shortens the time requiredto

attain the required performance level. The

ever-increasing quantity of basic material that

the student is required to master forces the

instructor to obtain assistance from all sources.

If the majority of students are to attain a

satisfactory achievement level in the limited

time that is available, the instructional mate-

rials must be available at the moment the need

occurs. It is impossible for the laboratory

instructor to provide this assistance for all

students in the conventional laboratory.

The general procedure for the use of the

auto-tutorial method in the LEARNER-CONTROLLED

LABORATORY starts with the reading of the con-

cise discussions of the theory in the laboratory

textbooks. In addition to the written expla-

nation, audio tapes are available that provide

the student with a briefing on the experiment-

al procedures. The student uses headphones

that plug into a tape player and watches color-

ed slides that are co-ordinated with the audio

tape. Students are able to control the audio,

tapes and slides which provide them with the

opportunity to repeat parts of the briefings

that are causing difficulty. Although it is

possible to listen to the experimental tape

and watch all the slides at the beginning of

the experiment, it is recommended that the stu-

dent obtain the briefing on a single part,

then perform that part. At the completion of

a part of the experiment, the student should

listen to the audio tape and observe the slides

for the second part of the experiment, then

complete the experimental procedure. The oppor-

tunity to -ead the explanations in the lab-

oratory textbook, listen to the briefings on

the audio tapes, observe the color slides

*Gilbert L. Rainey, Head, Department of Electrical Technology, Purdue University. Delivered at

National Electronics Conference, February 26, 1970, Champaign, Illinois.

237



that support the audio tapes, and perform the

actual experiments provides the students with an

' increased opportunity to complete the objectives

of each experiment. The addition of supporting

'instructional materials assists the student to

obtain a better understanding of the basic prin-

ciples, decreases the amount of time required

for the completion of each experiment, and devel-

ops attitudes that lead to self-study and ex-

perimentation.

The student has complete control of the

instructional materials and may view the slides

and listen to the tapes as many times as neces-

sary to obtain the required-information. Almost

ALL students require repetition of the explana-

tion of at least a few topics during the study

of electricity and electronics. Students with

limited background are EXPECTED to require re-

petition before they acquire an understanding of

many of the difficult principles. The auto-

tutorial method is-particularly useful for the

serious student with limited technical background

and'it is not unusual for these students to

listen to the explanations of difficult material

many_times..

The instructor plays a different role in

the Learner-Controlled-Laboratory. Students

obtain the basic instructions from the audio tapes

and slides,which leaves the instructor free to

work with the students on real problems rather

than assisting with the wiring of circuits, step-

by-step explanations, expAnations of instrument

operational.procedures, andtrouble-shooting.

.Students in today's society need personal atten-

tionand an exchange of information on a one-to-
,

one basis. The instructor in the Learner-Con-

trolled Laboratory has this opportunity to know

the students. In fact, this is the first

priority assignment of the members of the in-

structional team. The methods used for student

contacts are actually planned by the instruction-

al team. Placing name cards on the work bench

is one method used by the team to make certain

that each student is addressed on a first-name

basis. A record form is used by the instruction-

1

al team to make certain thatthe planned stu-

dent contacts are actually made in the labora-

The addition of the self -''aching in-

structional aids resulted in they development

of the OPEN LABORATORY. Student! are free to

schedule work periods in the open laboratory

at any time during the day. The
\

c ontrol of
1

the instructional materials, freedom to sched-

ule time, in the laboratory, and th1e removal
1

of time deadlines for the performance of ex-
.,., 1

periments change the attitudes of the students

toward the laboratory course. This \ change in

the operation of the laboratory creates a

LEARNING CENTER that is an extremely\important

part of the technician's' and technologists'

educational program which is oriented\toward

applications.

The student can adjust the laboratory work

schedule to compensate for peak study Situa- -

tions in.other courses and obtain additional
1 .

laboratory experience beyond the requirements
1

tory.

of the course.

The students perform a follow-up ex'am-

-ination that-is-given-immediately-after the.

completion of the experiment. These exam:-

inations are usually about five or ten ques-:

tions in length and are of the multiple-choice

type to provide an.easy method of grading.

The test is graded by the laboratory instruct-

or as soon.as the experiment is completed apd

the results are given to the student. These

tests are in the development stage at this

time, and may include performance exams in the

future.

At scheduled time intervals, members of

the instructional team meet with small groups

of students. The meeting is planned by the

instructional team during their weekly orien-

tation meeting. The Meeting is conducted on

an informal basis and includes discussions,

oral examinations, briefings on new experiments,\

'oral reports by students and grading of the

laboratory logbooks. Every attempt is made

to determine the progress and to uncover the
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hidden and sometimes small problems that create

mental'blocks or "hang-ups".

The learner-controlled.laboratory that uses

an open labOratory may be operated with a large

number of students or a small number of students.

A large number of students may be scheduled in a

single laboratory throughout the week,. If the

student body is not large, several differene"lab-

oratory classes can be scheduled in the same lab-

oratory. Since instructional materials are

available for self-instruction, the laboratory

supervisor can provide the required assistance

for a wide variety of-experiments simultaneously.

This unexpected "fall out" has made it possible

to. economically conduct courses with limited en-

rollment in the same laboratory at the same time.

Slides and tapes are already prepared for

,introductory courses in Electrical and Electronic

Technology at Purdue University. The auto-tu-

torial method has great potential, but will re-

quire additional vigorous development work. The

method requires carefully prepared laboratory

textbooks, not brief manuals, that are co-ordinat-

ed with the slides and audio tapes. Laboratory

textbooks with co-ordinated slides and tapes are

already available for 11/C EtectAie.i.ty, AfC'Etec-

tiic,ity, and Etectunic Device4. Additional auto-
.

tutorial instructional materials will soon be

available to assist with the implemeutation of

this dynamic teaching method.

This entire project was conducted without

an allocation of special funds or a grant from

an outside agency. The audio tapes were all

made on a small portable tape recorder,

and the slides were taken with the author's
L

camera in abasement workshop. Copies of,the

slides for use in the Purdue Laboratories, tape

players, and slide projectors were obtained from

funds in the department supply and expense budget.

Since thpt time, the amount of equipment and

copies of theinstructiOnal materials has been

increased in order to use the method in adult

Technical Extension short courses conducted for

the Electrical Power Utility Industry.

The amount of time necessary to develop the
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materials to operate an entire laboratory course

by the .autO-Autorial method was far greater than

anticipated. Fortunately the laboratory text-

books were already'airailable either in publish-

ed or temporary form for the Purdue Technology

Program. We prepared materials and operated

on a day-to-day basis which proved to be 'both

discouraging and frustrating. This total

commitment was an application'of the "brute-
..

force" method and it certainly is not rec-

ommended. In our situation, it was the only '

method since-we did not have funds to hire

persOnnel to work on,the project.

Three pOssible procedures to start the

Learner-Controlled Laboiatory using the auto-

tutorial teaching methods are:

1. DevelOP the tapes and slides for a

selected experiment each semester,

,then gradually make the conversion.

2. Use one set'of existing slides and

tapes to brief the students at the

beginning ofthe laboratory. Some

studeqs could also use the materials

during the laboratory session.

3. Use the existing auto-tutorial.

materials and follow the procedures

already developed.

The Department of Electrical Technology

will provide as much assistance as possible to-

school interested in the development of this

teaching method. A visit with the instruction-

al team should provide a better explanation of

the procedures. The following film is rec-

ommended to explain the'philosophy of the auto, -

tutorial teaching method:

"The Auto-tutorial System" by Dr. Samuel

N. Postlethwait.

This film may be obtained through the

Audio Visual Center of Purdue University,

Lafayette, Indiana 47907.



FACTION GENERATOR AND OSCILLOSCOPE (A4 PRESENTATION)

TOPIC: First use of the oscilloscoPe4and

function generator.

ESTIMATED TIME TO COMPLETE THIS LESSON: 45 to

60 minutes. .

.

MATERIALS NEEDED: Tektronix Type-561 oscillo-

scope with 3A75 vertical amplifier and

2Be time-base, a Wavetek model-110 function

gener tor, one BNC to banana jack converter,

two banana-to-banana cords, and outline

sheet.

PREREQUISITES: None.

OBJECTIVE: To introduce the student to the
a

basic operation of the.oscilloscope and

function generator.

NOTES TO THE INSTRUCTOR: This lesson is set up

with this equipment but can be modified "

to meet your needs. This audio-tutorial

lesson could be done the first day in the

introductory class or at least very .early

in the curriculum. This introduction is

not inclusive and requires additional ex-

perimentation for more advanced capabilities

of the oscilloscope. Slides as well as a

printed outline could be used.

SAMPLE SCRIPT: This experience ,is an introduc-

tion to the most basic use of an oscillo-

scope and a function generator. Feel free

at any time to stop the tape or repeat any

parts as needed. The Cathode Ray Oscillo-

scope or as it is called in industry, Scope,
01.

is one of the most valuable tools that an

electronics technician has in his possess-

ion. The field of electronics is a blind

science in that we cannot see physically

what is happening in the circuits that we

stuay. The scope is the technician's eyes

and when properly used will reveal what is

going on within any electronic circuit.

The scope that you will be using is

the Tektronix Type-561 scope: This scope

uses plug-in units for both the vertical and

4
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horizontal deflection systems. .These

plug-in units can be replaced with

different-units-that can extend the

capacity of the scope. For this-lesson,

you should be using a Type-3A75 amplifier.

This is the vertical amplifier and is

ilocatedbelow the screen. Check and see

if this is the one in your scope. If not,

obtain one from your instructor and re-

move the one that il already there.by

loosening the knob at the bottom and

pull the unit out and replace with the

correct amplifier.

For the horizontal amplifier, which is,

located to the right of the vertical'

amplifier you should be using a Type-2B67

time-base unit,

The other piece of equipment that you

will be using in this experiment is the

Wavetek 110 function generator. Function

__,generators _are used_thioughout the elec-

tronic industry to provide external input

to electronic circuits and systems. The

Model 110 servestas a sourceof AC voltage,

which may be set for sine,sor triangle

waveform output. The output waveform in

addition to being atOe to produce different

waveforms can also vary in frequency and

amplitude. Some of these terms may be

new to you, but do not be alarmed. As

you progress through this laboratory study,

each of these terms will be explained.

The first step in learning to use any

instrument is to familiarize yourself with

the function of the controls that you will

use. For this introduction, some of the

controls will be identified and will have
3

a brief desctiption. Some of the controls

will not be identified but will -be ex-

plained later in the course.

Each instrument has an on/off switch

" )
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. .

which can be readily found. Locate the

on/off switch on the function generator and

scope. These are numbered 1 on the outs

lint sheet. Make certain that both of these

Switches are in the off position.

Connect the output of the function

generator to the input of the vertical

amplifier. These are labeled number 2 on

Your outline. .This will require what is

called -iBNC to banana jack converter to

,connecto the scope. .

Place all other controls' as follows:

Function generator; frequency set to

X100 Hertz or sometimes called cycles.per

-second (number.3 on your outline), the
14

,main dial in the center to"number 6 on

the oufline),.Attenuition control,to.a

vertical 12o'clock position (number 4

on the outline), function selctor to sine

wave which is the middle waveform (number

S on the Outline).

Now we are ready to set up the scope.

First, let's set up what is called the

'main frame. The main frame is the part of

the scope that remains after the plug-ins

are removed. 'Focus, number 7, to a 12

o'clock position, calibrator control,

number.9, is not used for this' experiment,

scale illumination, number 10, completely

clbckwise.

Next, the vertical amplifier section.

The poitiOn control, number 11, to a

'412 o'clock position, the volts per division

control, the outer knob, number 12 on the

outline,shOuld be set to two, the variable

' 'control clockwise to calibrated, number 13

on the outline,-and the AC, DC,'GRd control,

number 14, to the DC position.

Now, the horizontal amplifier. The

position control, number 15, to 12 o'clock,

Time per division (outer !bob) number 16,

to .2 milliseconds, (milli Meaning 1/1000);

the variable control to calibrated, complete-

ly clockwise and number` 17 on the outline,

level control, number 18, to zero, scope

. .

couplingsource, number 19, all to the

upper position, and the mode switch, number

20,:to normal.

When you have all switches in the \\

positions indicated, and the proper conned'

tion has been made between the functioh

generator and the oscilloscope, you are

,ready to make your first observation.

Place both on/off switches to the on

position and both pilot lights, should

glOw. If they do not, check to se4,00
they are plugged in and have power avail-

able to the bench. If this doesn't'correct

the situation, call your instructor. After

`4allowing the instruments ,to warm up for

* 30-o0'seconds, a visual display should

appear on the CRT screen. What you .should

be'seeing is one cycle of a sinusoidal'

signal produced by the function generator

and viewed on the cathode -ray, oscilloscope.

The waveform is shown in figure two. If

you don't have this wavefoim, recheck

your.set-up. At last resort, call on

your instructor for assistance.

The position controls are the first

controls that you will investigate. The

waveform-may not be displayed in the

center of the graticule. Graticule refers

to the etched illuminated lines on the

CRT screen. In order to center the dis-

play, rotate the two controls one at a

time to observe the effect on the display

and to center the waveform trace.

In the event the trace on the screen

appears very dark, advance the intensity

control until the display has a pleasing

brilliance. If the trace appears td have

adequate brilliance, otate the intensity

control a few degrees either way and

observe the effect. Too much brilliance

can burn the screen,so be careful.

It is pdssible that the trace may

not appear as a finely traced line. Ro-
.

tate the focus control a few degrees.

Observe the effect and see if you can
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improve the focus of the trace. You should

now have a trace that is in focus and has

the Properbrilliance.

e next step is a simple one, rotate

the sc le illumination control counterclock-

wise an note the reduction in brilliance

of the e ched lines. The lighted grkaicule

is used t aid in making measurements and

also for making oscilloscope photographs.

The oscilloscope is basically an in-
,

strument that plots a graph of amplitude

Versus time:' This graph an be used to.

measure voltage amplitude, frequency, time

shift,, and many other items of interest to

the electronics technician. Your oscillo-

scope is set up to displayamplitudev

the vertical axis and time on the horizont'al

axis: This isiilustrated in Figure 2.

The oscillOsz6e can be used to measure

. amplitude. You will note that the volt]
.

division control is set at 2. This means

that for each division of the graticule

we will have 2 volts of amplitude. Count.

the number of divisions on a vertical line

from the lowest part of the waveform to

theliighest part. Each division is 2 volts

so the amplitude should be around 12 volts,

6 small divisions in height. This is what

is commonly called peak-to-peak voltage.

Change the setting of the attenuator

and note the change in amplitude. Tef-Ifie

output voltage to 18 volts. This should

be 9 small divisions or 9 centimeters. To

help in counting the divisions, you may

want to change the vertical or horizontal

controls. Note that this only changes the

position of the waveform.

Change the voltper division control

to S. How does this affect the%waveform?

What is the amplitude of the waveform now?

You will ndte that the_waveform\has not

changed in length but its height has been

reduced. The voltage amplitude now will

be S times the number of divisions. At

this point, you shOuld be able to measure

I
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the amplitudof a waveform
it

Repeat this

part until you are sure that you under- .),

stand how to measure amplitude.

Now,. let's direct our attention to

the other parameter, time, that the scope

measures. We are generally not so much

interested in,time as we.arein frequency.

Frequency is the number of times that a'

waveform repeats its self.per second.

Theunit of frequency is the Hertz or
. y

cycle" per second. There is a relation-

ship between frequency and Ube.
./'

e is equal to the inverse of time.,

Like amplitude, time is also measured

by zounting the divisions and miltiplying

by the setting of t timeper division
1

control. How much time i4: required for

one Cycle. of this/waveform? The number

of divisions that you should have counted

is 10. The time then'is 10 times 2 milli-

seconds or 20 milliseconds: Convert this

to frequency. When converted to frequency ,

we would divide 2-thousandths of a'second

into'l which would give SOO Hertz. .

Move the main dial on the function
* 1

generator from S to 100. What is the
.

result? /What is the frequency now? There

are now/two-cycles displayed on the screen

and the frequency is now 100 Hertz. There .

are now two' -Cycles, each 1 millisecond in

time. What would be the frequency ifv
. . _

there were 4 cycles instead of 1? The

value Uf course would be2000 Hertz.

Set the frequency back to 1000 Hertz.

Two cycles should be displayed on the

screen. Turn the time per division control

to .1 millisecond_ per division. What. is

the result? nce again one cycle is dis-

played on the screen. The time of one

cycle can be readily read now as .1 milli-

second times 10 divisions which is 1 milli-

second or1000 Hertz.

In order to convince yourself that

the horizontal amplifier actually traces

with respect to real time, place th

r.
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time per division control to 5 sec per

di sion.and main dial of the function

generator 'set to 10. Now, use your watch

as a step watch and time the trace as it

, races across the screen from left to right.

You should d4cover that it takes,50 sec.

for the trace to travel across the screen:

You should now be familiar with fre-

quency and time and have the ability to

measure frequenCy and amplitude of any

waveform.

For the remaipder of the 'laboratory

session make as many observations as you

can.. See if yOu can measure frequency and

amplitude of a triingle waveform or a

Tare wave. 'Change the settings on the

fuaCtion generator, varying both amplitude
\

and\'frequency. PractiCe measuring fre-

quency, time:and amplitude on your scope
\.

at variOus settings.. As the end result;

you shoUld be able to set the function

generatorat any position and be able to

set up the\scope to measure both the am-

plitude and\time of'a sine, square, or

triangfe

'Ifyou haie problems, meditate; if

this doesn't help, get help'' from your in-

structor.
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THE CURVE TRACER (AT'PRESENTATION)

TOPIC: Testing a transistor of known character-
.

'istics on the Tektro,iik Type-575 Transistor

CUrve Tracer.

ESTIMATED TIME TO COMPLETE
4

THIS LESSON: 20 to

30 minutes.

' 'MATERIALS NEEDED: Curve Tracer.

PREREQUISITES: None
,

OSJECTIVE: To set up the 5 Curve fracer to

obtain a correct display of a family of

curves for a 2N404 transistor.

FLOW CHART OF THE LESSON:

Spezia /nstuctions

41, ,

ltitoduction to Cunve T4acen

11

Funt-Panel Layout

4
Gene/tat Pocedute FO4

Contut Setup
I

Testing TelTitan6.14ton:

NOTES TO THE.INSTRUCTOR: The first part of the

audio tape should be instructions for the

istudent. For example, the student should

be informed of the objective of thi lesson

and the length of time expected for him

to complete the setup. He should be told

to stop the tape at any time and go back

and review any part that he does not under-

stand. Also, the audio signal to advance

to the next slide should be indicated.

/ This lesson is only an introduction and

should be followed by additional practice

an¢ instruction. This type of les*on

would be very good to use in the INTRO

..

course.

A piece of construction paper cut in

the form of a small triangle can be used
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to focus attention to a particular section

of a slide.. The small triangle with a

piece ofMasking tape attached to the

back so that it will stick to the curvet

tracer can point out the main idea being

'presented.

:`-

A SAMPLE SCRIPT WITH SUGGESTEDSLIDES:

Stide 01 -- the Comptete Curve-Ttadet

The Type-575 Curve Tracer is an

extremely versatile instrument that can

be,psed to make several tests on a transistor.

It full utili0 can only be realized

when the function of each of the front-

panel controls is understood.

Stide 02 -- Vekticae AmpeAiet

The front-panel layclq can be divided

into five main blocks. These blocks con-

tain the controls for theYettcete

r)C ql
$11:.



whi.11 controls the vertical dis-

play...

Stick $3 =- Hotaontat AmpZi6iet

Thes.H0Aizontat. Ampti6iett which controls

the horizon'tal.display.

Slide 04 -.- Cottectot Sweep,
o

The Cottettott Sweep generator provides

the seep voltages that dmiye the collector

of the transistor under test.

Slide 05 Step-Amptiliiet

The Bate (or Emitter) Step Ampti6iert,,

which develops current or voltage steps

to Arrive the base dr emitter -- whichever

.4:
is ungrounded.

Stide 6 7- Tnan6istot Test Peva

And the Tnamiztot Te6t Pima where the

transisioeis inserted for testing.

;tide-47 Comptete Curare Tracer

Now then, see if you can identify the

ffve,main blocks of the froqt panel.

C

0.

Slide 08 -- A Di6ptay o6 Coltect Fatuity

06 Cantles (PNP)

In displaying-transistor curves we are

0

concerned with two considerations:

1. Properly displaying the curves we

wish to interpret.

2. Protect the transistor under test

from damgge.

We will use a 2N404 PNP transistor and

you should have a.display like this when you

have properly set the controls.

The general procedure for setting up

the controls for a transistor of known char-

acteristics is as follows:

Slide 010 -- Intenzizy Contnot

Set the Intensay Contitot at mid-scale

t prevent damage to the phosphor on the

display. Turn on the power switch located

in the lower right-hand corner and allow

to warm up.

_

Slide 011 -- Companion Switch _

Now while the curve tracer is warming

up, let's set upthe rest of the control's.

oWe will startcwith the Test Avte.e. See

the comparison switch to the centet posi-

tion to prthrent any voltage or current to

the transistor socket.

Slide 012 -- Con6iguitation Scotteh Commonr

Emitten.

The configuration switch can be sat
0-

to either a Common-Base or Common-Emitten.,

position. Let's use the common- emitter

position.

Siide 013 -- Red and -Slue Cotou

When-Using\a_common-eMitter configura-

tion, those parts of the front-panel etched
o

in bate refer to the. Base voltages and cur-

rents. And those parts in 4ed refer to the

collector voltages and currents.

°Stide 014 -- Cotte,ctott. Sweep Stock

Next in the Cotteetot Sw.ee tock,

the peak volts,range and the peak volts

are set for the peak voltage with which

we wish to sweep the collector. Let's

sweep the collector with 10 volts and'the

controls are set as follows:

Stide 015 -- Peak Vot46 0-20

Peak Vot46 Range 0-20

Slide 016 -- Peak Vott.6 10

Peak Vott6 10

Slide 017 -- Potaitity

PotaAitg PNP (-)

Slide 018 -- Di66ipat2 on Limiting Re6i4tD4

The value of the dis6ipation timaing

4e6i6tou depends on the maximum collector

dissipation and the collector sweep volt-

age. The Limiting 4e6i6ton must be set to

the proper value to limit the collector dis-

sipation to a safe value and thereby protect

the transistor from excessive power dissipa-

tion.



Slide 019 -- The Actuat Reading atom

the itan:sib-tot Maitat.

To determine this value the transistor

manual will tell the maximum` collector dis-

sipation for 250C ambient temperature, is

120 milliwatt.

Stide 020 -- Redatot Setectqn GiLaph

Lookihg at the Redidtot Seteczion Graph

on top of the curve-tracer to-obtain-tM-

correct resistance value, for a'collector
_

dissipation of 120 miliiwatt and a peak

collector value of 10 volts, we find the

value to be 200 ohms.

Seide M21 - Dibbipation Ling, e4i4ot

Therefore the DiA4ipation

4i4 tot is set at 200 ohms.

SZide 022 -- Babe Step Genenatot °eh

The remainder of the controls are set

for the conditions undei- which se wish to

test the, transistor. Let's now ;set up the

controls in the Base Step Genera
4

A. Stock.

Slide M23 -- Repetitive Switch

Set the display switch to Re etitive

so that we may view a continuous display.

Seide-m24 Step4/Famity Contto

Next, set the Step4/Famay control for

the number of curves we wish to display.

In this case, let's vse four steps.

SUde 025 -- Polarity Switch

The Potanity Switch is set to (-).

minus because "the transisto; under\test

is a PNP. \ 1

-1/

Slide #28 -- SeAies Re.sistot Switch

Because we are applying current steps

to the base by using the step selector in

the current range, the Setie4 Re4i4tat is

not needed and is not connected into- the

circuit. However, if voltage steps had

been applied, the series resistor should

be set at 22K at'the beginning of the tes

aide #29,-- 1/enticed. Contut

Now we are ready for the VW-teat a d

Ho/Liza)

tivity

Mittiam

Amptil6ieu. The Vaticcte's7nsi-

i set by adjusting the Co tectot

pin Division switch. Let's Use

.5. e that this is in the red area.

Stidg '30 -- BoAizontat Contut

iiewise:the Holtizotat sensitivity

for tie collector voltage is set b)/ ad-
/

justing the Cottectot vottb pet DiliZion

switch, also in red. Let's use 1.

S

Pla

the

po6

to

e M 31 -- Test Pand

Novvwc.---sre ready to test the

e the transistor in socket A

Comparison Swi h in the TA

on. This connects the tr

he test circuit.
I

transistor.

and place

istoA A

nsistor in-

sei #32 -- Screen with Disptizy

djust the intensity and position con-

trols st) that a display is obtained near

the up er right corner of the
I

screen for

the'PN1. An NPN would be ac /the lower left-

hand co

Slide 3 -- Whote Curve Mace&

Slide M.26 -- Step 1 Second Switch

We have choice of 120 or 240 Steps

oer second on the Steps pen Secm d Switch.

use 120 steps per second.

St de #27 -- Step Setecton .1

The Step Setecton is set for tae ,current

0: step or voltage par step that we want to

apply to the base. La's Use .00S maper

thisIt ma ))\ be necessary at i time to ad-

just
_

the c ntrols until a uitable display

is obtained on the screen. To do this, ad-

just each co trol, one posiition at a time.

You should at this time helve a family of

curves proper displayed for the 2N404

transistor. I you uo !wit: (1) Recheck

the set -upl (2) try another 2N4v4, (3) call

your instructor, for assistance. .)



LA PL E TRANSFORMS (A-T PRESENTATION)

TOPIC: Introduction to the LaPlace Transforma-

-"tram.

ESTIMATED TIME TO COMPLETE THIS LESSON: 30 to

40 minutes.

MATERIALS'NEEVED: Outline sheet.

OBJECTIVE: To illustrate the use of the LaPlace

Transformation method in solving circuits

containing R's, L's and C's.

PREREQUISITE: Ability to use logarithms, solve

algebraic equations, and an introduction

to differentials and integrals.

NOTES TO THE INSTRUCTOR: This lesson could be

used to-introduce the topic of LaPlace

Transforms and could be supplemented by

addition information and problems.

FLOW CHART OF THE LESSON:

Intnoduction

4
De6nition o6 T4anz6oAmatkon

41
Anatogy o6 LogaiLithm6 and

LaPlace Tnanalionmation

4
A Sample LaPtace

T/Lan410Am Pnobtem

Review and Soma/1.y

SAMPLE SCRIPT: In a network,containing resistors

equations describe the complete response of

any'circuit that contains L's and C's.

The classical method of solution for

solving differential equations becomes in-

creasingly difficult as the complexity of

the network increases. To help with the

problem of dealing with complex circuits

that can have any waveform applied requires

that we have a method that enables us to

solve these differential equations on an

algebra level.

Mathematicians have developed such a

problem-solving tool which allows us to

transform a differential equation to an

algebraic equation that we know how to

handle. This transform technique is

commonly known as the LaPlace Transform

and makes use of the "S" operator.

The LaPlace Transform solution is

an extremely straightforward useful- tool

that permits the solution of complex

problems by using algebraic rules and

Manipulations. This technique is the

method by which a function is transformed

from the time domain into what we call the

"S" plane.

At this point you might be asking your-

self, "What a ttamliohmation?" The

logarithm is an example of a transformation

that we have used in the palt. Rather than

only, the equations describing the behavior

of the network are algebraic equations which

areandependent_of the_excltation waveforms.

,A simple extension permits the application

of these same methods to single-time-con-

s'tant circuits.

r \ When a network contains both inductors

and capacitors the equations describing the

behavior of the network are no longer simple

algebraic equations but rather differential

and integral terms. These differential

247

just multiplying numbers together, we trans-

form these numbers by taking their loge-
,.

rithms. These logarithms are added or

subtracted in the case of division. The

resulting sum of the logarithms"has little

meaning unless we perform an inverse trans-

formation. To perform the inverse trans-

formation, we find the antilogarithm which

gives us the desired numerical result. If

the problem of multiplying numbers is not

convincing, consider evaluating 122 to the



:1238 power without logarithms. The use of

the logarithm usually saves both time and

work.

Figure number one on your outline sheet

shows a flow chart of the operations in-

volved solving a product or quotient problem

with or without logarithms.

Numbets 1111100

Direct Multiplication

or Division

Solution 1
Fig. 1

Logarithms of

Numbers

Addition of

Logarithms 11111111114

Antilogarithms

. The individual steps of using the loga-

rithm transformation are first, find the

logarithm of each separate number; second,

add or subtract the numbers to obtain the

sum of logarithms; third, take the antiloga-

rithm to obtain the solution.

Figure, number two illustrates how a prob-

lem would have been solved that could be

done with or without the LaPlace Transform

Method.

Integro-differential iiiii0 LaPlace Trans-

Equation form of Equation

_ Integrate or Differ-

entiate

Solution

Time Domain

Fig. 2

Algebraic

Manipulation

Inverse of

Revised Trans-

form

el-

Frequency Domain

The steps in solving an equation by the

LaPlace Tiansformation method are first,

start with an integro-differential equation

and find the corresponding Laplace Trans-

form. This
I

is usually done by using a

table of transforms; second, the transform

is manipulated algebraically with initial

conditions which results in a revised

transform; third, we perform an inverse

LaPlace transformation to give us the

solution. In this step, we can also

generally use a table of transforms just

as we use the table df logarithms for

taking the antilogarithms.

The.other method of solving the equa-

tion is by the classical techniques and

it loOks more direct and sometimes it is

for simple problems, For complicated

problems, however, it is advantageous to make

use of logarithms.

To illustrate the use of the LaPlace

Transformation, let's take a look at a

simple problem. Refer to problem number

one on the outline.

S has been open for a long time and is

closed at t=0.

es = v u(t) Find (it)

1 t
dtv =

c
1 i

c 0,

SOLUTION

Eq. 1 jc+fcte + RZ = v u(t)

Eq. 2 -c

11

S
1(S) + Q(°) + R I(S) = v sr-s



Eq. 3 I(S)(
CS R)

. Eq. 4 I(S) =
v/R

Eq.

S+1/RC

v
L(t) = c

-t/RC

Let's run through the solution and take

a look at the steps involved. The circuit

is a series circuit and the switch has been

open fdr a long time. This means then that

no energy is stored in the capacitor. At

time t equal zero, we close the switch which

applies a unit step that has a magnitude Of

v. We are now ready to solve for of t so

we write Kirchhoff's voltage liw for a series

network. This gives us equation 1. The

next step is to look up the LaPlace Transform

of each of the terms in a table. This gives

us equation 2. The term Q(01, the charge

on the capacitor before switching is equal

to ,zero because there was no energy stored

in the circuit. Equation 2 then reduces to

equation 3 by factoring out I(S). Clearing

the left side to solve for I(S) gives us

equation 4. Taking the inverse LaPlace

Transform of both sides by using a table of

LaPlace Transforms. This then gives us the

a decaying exponential

chat starts at a magnitude of v divided by

R at t equal zero.

Let's quickly review the steps that

are necessary to solve a problem by the

LaPlace Transform method.

First, write the equation that describes

the network.

Second, take the LaPlace Transform of

the equation using a table of LaPlace Trans-

fdrms.

Third, manipulate the revised transform

equation to solve for the unknown.

Fourth, look up the inverse LaPlace
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Transform in the table and obtain the

solution.

In summary, the LaPlace Transformation

methodfor solving differential equations

offers advantages over-the classical.metheds.

First, the solution of differential equa-

tions is routine and progresses system-

atically and is an algebraic equation.

Second, this method using the "S" operator

gives the total solution in which initial

conditions are automatically specified.

Third, this method allows us to solve

a complex network with any kind of driving

function. These and many more advantages

can be seen as you beCome more familiar

with LaPlace Transforms.

- BIBLIOGRAPHY

Balabanian, Norman. Fundamentaa of Cincuit
Theory., Allyn and Bacon, 1964.

Spiegel, Murray. Schaum's Outline Series:

Theony and Mobtem oic LaPtace Tnan404m4.
Schaum Publish Company, 1965.

Strum, Robert D., and Ward, John K. LaPlace

Tican.qoAm Sotation o6 acificenenVae EquatLon4:

A PiLogummed Text. Prentice-Hall, 1968.

Valkenburg, M.E. Nelleonk Anatysi4._ Prentice-

Hall, 1964.



1

SINGLE-TIME--CONSTANT CIRCUITS (A-T PRESENTATION)

- TOPIC: Single-time-constant circuits.

EsTittyrErfuE TO COMPLETE LESSON: 30 to 40 min.

MATERIAL NEEDED; Outline and slide rule.

PREREQUISITE: ResistiVe circuits, concept of

c, and ability to calculate time constants.

OBJECTIVE: Solve single-time-constant circuits

with switching conditions.

NOTES TO INSTRUCTOR: This lesson could be used

in either the sequence in single-time-con-

stant circuits or in pulse electronics.

This could be used with either a written

outline or slides or both slides and out-

line. The addition of slides could help

to clarify points that are difficult to

explain on tape. Also, a programmed ver-

sion might be used for the outline that

vould simplify things considerably.

SAMPLE SCRIPT: The topic of this lesson is

based on an understanding of Singie-Time-

Conztant
/Any

circuit having only

one C, or one L, and any number of R's is

a single-time-constant circuit. A circuit

that has both a C and a L cannot be single

time constant. Circuits can have more

than one C, or more than one L, and still

be single-time-constant circuit. Mathemat-

ically, the basic equation for an STC cir-

cui*will always be a first order differen-

tial equation.

10K

I

es .01 ilfdi

Cir. 1

A very simple single-time-constant cir-

cuit may be seen on your outline sheet as

Circuit number one. In this lesson we will

use RC circuits although RL circuits may

be solved in a similar and dual manner.

Most capacitive STC circuits caebe

reduced to the form of circuit number one.

That is, a single equivalent circuit that

contains a series resistance and capaci-

tance in series with a voltage source.

The response of any STC circuit will-

either be an exponential, a sine wave,

or a combination of exponentials and

sine waves. Any STC circuit that has a

step, ramp, or pulse applied will have

an exponential response. A sinusoidal

input will produce a steady-state sinus-

oidal response. In this lesson we will

be using a step voltage input which

produces an exponential response.

As indicar -d previously, the basic

equation for any STC circuit is a first

order differential equation. At,this

time you have probably never heard of a

differential equation and even less likely

do you know how to solve one. Mathe-

maticians have worked this problem for us

and have developed a general equation for

an exponential response.

the general equation for voltage is

shown on your outline in equation number

one.

v (t) = E 4(E -E 1 s
:1-

az az 0 T
c

Equation 1

Eas is the asymptotical voltage that

occurs when time becomes very very large.

E
as

is referred to as E asymptotic, E
o

is the value of the voltage at the time

when the exponential begins. This is

usually considered to be at the time zero

plus. It js the initial value and is



.called E of zero.
c
is the time constant

for the circuit. In the case of a RC cir-

cuit it is the product of the resistance in

ohms times the capacitance in farads. The

instantaneous voltage can be found at any

time by using this general equation. The

general equation for the current is the

same except I's replace the E's. .Turn off

the tape write the general equation for

current.

100 K

Cir. 2

Take a look at circuit number two: Turn

off the tape and find,the time constant.

The value that you should have calculated

is one hundred microseconds. This value is

obtained by multiplying the hundred K resis-

tance times the point zero zero one micro-

farad Capcitance which gives the time con-

'stant fog circuit number two. Let's cal-

culate the voltage across the capacitor

when the source is a step starting at 0

with aramplitude of tenvolts. Use the

general voltage equation to solve for vt.

Turn off the tape and solve for vt.

The value you should have calculated for

v
t
is equal to ten minus ten c to the minus

t divided by 10
-8

power.

On the graph shown in figure 1, label

the values of v at one, two; three,

four, five, and six t; constants. Also

indicate v zero and v asymptotic. You

should have values of 6.Z, 8.7, 9.5, 9.8,

and 9.9 for the time constants one through

five and an asymptotic value of 10 and E

zero equal to zero.
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E

Es
re

Fig. 1

= T2= 400 AS

Cir. 3

Take a look at circu'A number three.

You'll notice that this is a slightly

different problem than what we just

completed. 'There are two switches in the

circuit each having positions 1 and Z.

The switch is in the number 1 position

during time t1 and in position number

two during time t2. When both switches

are in position number one, the time

constant for the circuit is 400 micro-

seconds. What is the time constant

when both switches are in position number

2? Stop the tape and resume again when

you have an answer.

The time constant you should have is

44.5 microseconds. To get the time con-

stant the 100-volt source dust be set

equal to zero which can be done by re-

placing it with a short and then calcu-

lating the resistance that is attached '

directly to the capacitance. In this

case, the 50K and 400K parallel combina-



tion is the resistance that the capacitance

sees. These-two in parallel have an equiv--

alent resistance of 44.5 ohms. The time

constant is found by multiplying point zero

zero one microfarad times the resistance and

should be 44.5 microseconds."

In position 2, the asymptotical value

for v
o

is zero. What is the asymptotical

value for v
o

in position 1? Stop the tape

and resume when you have an answer.

After a long time, the-current in the

circuit would be zero and thus the voltage

drop across the output would be zero.

So far we haven't considered initial

values and this is where the problem usually

occurs. We know that the time constant for

'position one is 400 microseconds and in

position two, 44.5 microseconds. Remember-

ing that an exponential will complete in

approximately 5 time constants, we know

that v
o
will be zero volts at the end of

time t
2
because the switch is left in posi-;

tion two for 400 microseconds dnd this time

period is over 9 time constants long. This

is a good place to start when 'attempting to

plot the output Waveform.

When switching from position 2 to posi-

tion 1 we have a 100-volt decrease in the

voltage on the left-hand side of the capaci-

tor. This change is also made on the right

side. That is, vo decreases from zero volts

to minus 100 volts. This unexpected event

is common in single- time- constant circuits.

A change on one side of a capacitor results

in an equal change on the other.

. We now have another portion of the out- .

put waveform. The complete waveform can be

seen in figure 2 of the outline.

Notice that during time 12 the .waveform

is at a'valce not equal to zero. Looking

closer we can see that v
o

is -37 volts at

the end of T Let's see if we can figure

out why that happened. Referring to our

equation now,we rememper that the asymp-

totical value in position 1 is 0, the ini-
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tial value which we have just discovered is

-100 volts, the time constant is_400 us.

Thus using these values in the equation,

we arrive at -37 volts for v
o

at the end

of time T Going back to the circuit now,

we observe at switch'A that when switching

from position 1 to position 2 an increase

of 100 volts is-made on the left-hand side

of the capacitor. This-increase is also

made to the right-hand side and thus tro

increases 100 volts. The voltage at vo

when changing from position 1 to position

2 increases from -37 volts to a plus'63

volts. This total change at v
o
on the

right-hand side of.the capacitor is 100

volts, exactly the change on the left-

halktside. We're just about through with

the output waveform now. Remembering

durin02 the exponential completed or

went 6 zero we have the complete waveform.

Fig. 2

Now let's try a problem which is just

a little different from the last one.

Look at circuit number four and see if you

can determine the time constant for the

circuit in position 2 and position 1.

Stop the tape player and try your luck

at this one.

The time constant for position 2 is



very close to 1 microsecond. The parallel

combination of the 400K and 1K resistance

is nearly 1K. When two resistances are in

parallel and one is much larger than the

other, a close approximation of the parallel

resistance will be the smaller resistance.

Try a few combinations of resistances and

satisfy yourself that this is true if you

are not for sure. The time constant in

position 2 is the product of 1K times the

capacitance of .001 ufd.

.00Itad

Cir. 4

In position 1, the time constant is

easier to figure. It is simply the 400K

resistance times .001 ufd which is 400 us.

Now then, let's plot the output wave-

form. The length of time that the switch

is in position 1 is 20 us and this is also

the.length of time in position 2. Return '

to the tape when you have a solution.

You should have found that in position

1, the asymptotical value of vo is zero

volts. In position 2 the asymptotical

value is 4b "olts.

Looking at the time constant for posi-

tion 2 we see that it is 1 us. Since the

time in position 2 is 20 us, the output

voltage wi21 have time to reach its asymp-

totical value of 20 at the end of T
2.

This gives us a starting point. Had we
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chosen to find the voltage at the end of

T
1
we would have had difficulty. We know

the voltage does not complete at the end

of T
1

because of the long time constant,

thus we could not make any determination

of the final voltage since we did not

know the starting voltage E zero.

Going back to v out at the end of

T
2
which we know is equal to 40 volts, we

then switch to the start of T
1
and this

produces a 100-volt change on the left of

the capacitor which produces a negative

change on the right hand side.- Therefore,

at the instant of switching, v out changes

from plus 40 volts to a minus 60 volt. A

negative 100-volt change.

Now that we know the initial value .

of v out at the beginning of time T1, we

can use the general equation to determine

the value of v out at the end of the 20 us

period that will occur before 'the circuit

is switched to.position 2.

Plugging in our values of v asymptotical

equal to zero, T1 of 20 us, time constant

of 400 us, we get a value of v out at the

end of T
1

equal to minus 57 volts.

Again, when the switch is changed

from position 1 to position 2, a 100-volt

change occurs and will cause the voltage

to jump from -57 to +43, a hundred-volt

change. .

We are now at 43 volts positive in

position 2. We have a very short time

constant and an asymptotical value of 40

volts. So thewaveform will decrease very

rapidly and we are back to the poiit

where we started.

The output voltage lookS sort of like

a rectangular waveform and has these

critical values as indicated in figure 3.

At the beginning of T1, vo is -60 volts

and at the end of period T1 is -57 volts.

The value at the beginnjng of 12 is plus

43 volts and at the end +401 volts.



T1 r T2 1

43I I

Tc
'Ens 40

40

re 400p.S
EasO

4.60 5?

Fig. 3

This concludes the lesson. If addition-

, al help.is needed, see your instructor.

CV'
O
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SWITCHING CIRCUITS.(AT PRESENTATION)

TOPIC: Two-transistor switching circuit.

ESTIMATED TIME TO COMPLETE THIS LESSON:. 45 to

60 min.

"MATERIAL NEEDED; Outline and slide rule..

PREREQUISITES: Ability to solik STC circuits and

.knowledge of transistors._

OBJECTIVE: To calculate pulse width of output

'waveform of a two-transistor circuit..

NOTES TO THE INSTRUCTOR: This audio-tutorial

lesson.yOuld be used in pulse electronics

after_the analysis of single-transistor cir-

cuits. In'addition to the figures shown,

you may wish to add additional figures and
.

Calculations to improve student comprehen-

gsion. Ilwould suggest that the outline

' material be in a programmed fashion so that

the:student is reinforced with the correct
A

circuit diagram or-ce-leuIatiori.

SAMPLE SCRIPT: The objective of this lesson is

to calculate pulse width of the output wave-

orm of a two-transistor circuit. This

lesson is an.introduction to switching cir-

cuits using the techniques that we have used

for solving single-time-constant circuits.

We will be using transistors to do the

switching and they will be operated in the

cutoff or in the saturated regions. Because

we will be using the transistor in this .type

of operation, we can-represent a common

emitter transistor circuit with a circuit

model which has adiode in the base to

emitter portion and as a switch in the

emitter to collector portion. This relation-

ship can be seen on your outline sheet in

figure 1 and figure 2. Turn off the tape and
A

study the model for the common emi cir-

cuit shown.in figure 1. Return-to t. tape

after careful examination of the two circuits.

When the diode in figure 2 which repiel

sents the base to emitter junction is con-.

.ducting, the switch is in the on position.
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4.

When the diode is not conducting, the

switch is 05g. Notice that the ter-

minals on the switch are equivalent

to the collector to emitter junction

of the transistor. There are more

accurate models that can be used to

represent the transistor in which you

consider the resistance of the tran-

sition during saturation, during op-

eration in the Active region, and When

reversed, etc. A more accurate model

is shown in figure 3 butfor our

analysis we will use the simplified

equivalent circuit shown in figure 2.

The model will be quite satisfactory

and will allow us to attack seemingly

complicated circuits.

The circuit that we are going

to work with is a two-stage transistor

circuit as seen in figure 4. Are

_ these NPN or PNP transistors? Pau4e.

One Hay I remember whether a transistor

is NPN or-PNP-at the circuit drawing

think of the initials NPN as meaning

Not Pointed In. /hose of a PNP may

remind you of the words Pointed In.

Because the transistors in figure 4

are NPN's, we would expect a positive

voltage on the collector remembering

that the collector must be reversed

bias and that base to emitter junction

be forward biased.

Notice how the voltages are marked

on the schematic and how they are re-

ferenced. v
bl

is the base to emitter

voltage. of the first stage while va

is the collector to emitter voltage

also on the first stage. How is the

base to dmitter"voltige on the second

stage labeled? Pau4e. The base to

emitter voltage on the second stage is



of- ourse-labeled v
b2

and likewise the_not-

put oltage which is the collector to emit-

ter v ltage is,vc2.

Thf input waveform for our circuit is ,

shown- figure S. The periodg T1 and

T
2
both have a time interval of 200 micro-

seconds. The input voltage has a 10 volt

peak-to-p ak value and is a rectangle wave.

It will b come apparent to you as we go

through th scirguit-that-tritTlhe change in

in the, inpu voltage and not the level will

affect our o tput voltage. -Keep this input.

voltage in mind because it will become im-

portant as we progress through solving the

switching prob em.

Whit I woul like you to do now is to

draw the equiva ent cixcuits for' this 2-

stage switching ircuit. First, draw the

base to emitter ircuit for the first

stage using tha Mdel described in figure

2. Stop the tape layer and resume when

you have drawn the circuit model for the

base to emitter cir uit.

Check your equivalent circuit against

the one shown in figkre 6 of the outline.

Notice that I have drawn the 40K resistor

to a battery source which in turn is ground-

ed to the emitter. This is equivalent to

the common representation of having the 40K

resistor go to a plus-16 volt source as

shown in figure 4.-

NOK then, try to draw the equivalent

circuit that will include, the collector to

-emitter siitthof'Ql° the coupling capacitor

C2 and the base to emitter diode of Q2. In

other w'rds, continue froM the base to emit-

ter cir uit of Q
1°

to the base and emitter

circuit of Q2. Stop the tape and resume

when y have the circuit.

Tdesired circuit is shown in figure

7 enci6sed in dotted-lines. Also included

is th base to emitter circuit of Q1.

Noti e the voltages and how they are la-

bell d according to the original transis-
.

tor circuit. The first diode in the circuit

____r^rresponds so the base to emitter of

:Q1, andlthus the voltage across the diode

would be v \ Notice also on the left-
,

hand side of Capacitor C2, the voltage

is labblled
1'

The collector to emit-

ter voltage_of \ Q
1
is represented as a

switch and finally, on the right-hand

side of the circuit we find v
b2°

the

base to emitter voltage of the second

stage. _

Notice that the bias voltages are

returned back to ground. This is done

so we mq,be able to figure our time

constants muchheasier.

The final circuit that we need to
"

solve for our'transistor circuit is the

collector to emitter circuit of the

second stage, Try to figure out this

circuit ft:r .yourself and continue with

the lesson-qhen-you-are finished.

You wilt find in figure 8,,if you

haven't already looked, the equivalent

circuit. It is probably the easiest

circuit wef4ill have to analyze.

Looking at figure 8, what will be

the output voltage. when Q2 is conduct-

ing, S2 in the on position? The volt- ./1

age will be zero because the collector

and emitter are at the same potential.

What is the output voltage when Q2 is

not conducting? The value of course .

will be plus -16 volts. With the

switch in the off position there is

no current through the 4K resistor,.

therefore there is no voltage crop; .

v out then is equal to the 16-Volt

source.

From this calculation, we know that

the output is going to be a rectangular

wave that willstep from 0 to a plus-

25(4_

47,

16 volts. The problem then is to de-

terminelthe length of time that v out

will be equal to zero and thelength

of time it will be equal to plus-16 volts.

To 'solve this problem requires that



4e go back to the input to the circuit and

WorlifroM there. Refer to figure 7 on your
1

outline to help with this solution. I wouldi1 . . .

like for you to plot the various v ltages,ltages, A

b1' ,

1vb2' "c2 according to ti 'e with

fespett to the input voltage es. Do this

below
1

figure 5 on your outline.

Plotting v
bl'

first, a 10 -volt positive

step in e on the left-hand Side of the
J
rpput 'tapacitor will result in a 10-volt

positive step on the right-hand side of the

capacitor. A 10-Volt positive increase on
1

v
bl

will-turn Q on; We can assume that
1

vb1

1

ii.i,ery nearly zero when e goes posi-

tive. Thus during and at the and of T1,

v
bl

is nearly zero for, all practical pur- ,

poses. It is actually the voltage across NI.

a conducting diode but we will assume that

we are using an ideal diode which would

have 0 voltage drop. We will say it is 0-

plus volts.

Next,'whatis going to happen to v,01 ,

when e
s
steps from plus-10 to zero or a

. 1

negative-10 volts change? The voltage was

0-plus volts and a 0-volt decrease results

in v
bl

going from 0 to minus-10 volts in-

stantineously. Diode D
1
is switched off

with this negative v ltage across it. .

Notice that when diode D
1
is off, we

have asingle-time-constant circuit. The

time constant will be\40K times the value

of the capacitance C which we haVe not yet

determined for purposes to be revealed
t.-

shortly.

We would like for the transistor Q1 to

be off for all of the time T
2*

This requires

that the diode have a negative bias during

this period. Knowing that a single-time-

clOnstant--circulf-With an initial value "of

minus-40 will produce an exponential that

will decay to eventually in the case of 16

volts if allowed sufficient time.

We are interested' in finding the-min-

imum value.of capacitance that will allow

v
bl'

to be at zero at exactly at the end of
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period-T2. To solve for-this value of CI

requires that we use the fo mula shown

in figtfre 9 which has,been developed from

the general equation for ST/C. circuits

with stereinputs. We aynow ready to,

solve for Cl'usingefolloWing informa-

.

4
tien. T

2
is equal to. 200 microseconds.

E asymtotical is plus 16, E zero is minus

10 volts. E
2
we set equal to zero because

this is the value we want at the AO of

T2.. e time constantwill be equalto

40K tija the capacitance. The one un-

known to sore for then is the capacitance.

Turn off the ta0e,and solve for themin-

imum capacitance necessary to hold Q1 off.

. The minimum value for C
1
that you

should have calculated is approximately..

.01 miirokarad. This is the minimum

Value necessary and any value larger than

this would work in the circuit.. If we .

always make c1 very very large, we can

be assured that Q
1
will remain off during

this desired length of time.

At this point, you should be able to

draw the waveform of vbi. It should be -

0 plus during the time T1-and then drop

to minus--)0volts at the beginning of

T
2
and then expOnentially rise to zero

at the end of T2 and then repeat this '

. .

pattern for each title.

Now, let's try to solve th* second

part of the,cir it. We are interested

in solving for vci nd vb2. One of the- '

difficulties in trying to selvefor these

is in finding a place to start.
.

If we look at this part of the cir-

cuit, we can-assume that switch S1 will

be on fqr some period of time and off for

some period of time. In the on position,

the left-hand side of the .003 microfarad

capacitor will-be tied to ground. This

sets vcl, equal to -ero and after a long

time the diode D2 willwi be conducting be-

cause it will be forward biased: Now, '

switching from the on to off position of
. ,



0 t

S
1,

there will be a positive increase in
/-

v
cl

because we have now inserted a positive

16-volt source.- Let's assume diode D2 is

conducting becadse when S1 is changed from

on to, off, a positive :surge would be applied

to theleft side. of the .093 microfarad

capacitor which would also cause a p3sitive

increaseon the right hand side which would

turn diod .D
2
on.

Ok, now with the switch off, D
2

is'on,

which ineffect removes the 60K and 16-volt

source, and leaves us with a series RC cir-

cuit consisting of the 16-volt.source,

1C-resistor, and a .003Microfarad capacit-

or. 'What is' the time constant of this cir-

cuit? Pact6e. The time constant wouldbe

.

Your plot should have a value of 0

for period T1 and an exponential with an

'asymtoticatIvalue:of,16 volts with a

time constant of 6 microsecondsduring

time T,.

6 microseconds 2K times .003 microfarad.

The asymtotical value of vcl will be-Paube-'

16 volts. AhoUt how long will it take to
I I

reach this asymtotical value? 'Pause.. About

5 time constants or 30 microseconds, so it

will reach this asymptotical very rapidly.

When is S
1
in the off position? S

1
is

in theioff position when transistor Qi is

off. This occurs whenever v
bl

is negative.

It would be a good ilea if you would mark

thig on your plot, that is when Q1 is off

and:when it is on. It is off during time

/ Now then, we can say that at the end

of T2, when going from the off to on posi-

tion, transistor Q1 is going'to turn on.

When this happens, Vc1 is going to zero.

For all the time T
1,

v
cl

will he zero. At

the start of time P2, we go from the on

pi)sition of SI to the off position of S1.

This causes D
2
to turn on and makes a iingte-

time-constant.series RC circuit. v
cl

in-

creased from 0 to an asymtotical value of

16 with a time constant of 6 microseconds.

With T
2
equal to 200 microsedondi, v

el ,

. changes from plus.16 volts to zero. You

now have enough/information to plot vi.

Stop the tapeand resume when you have

plotted vcj.
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looking at vcl, I.can also find
-

out.iomething about vb2. irst, I know

that at the encof T v4,went from

plus-16 volts to zero This decre.ase

will also produce a 16.woit'Uccrea'se of

the right -hand aide of C2.

.WheniV
el

is positive, Q
2

is switched

ThiS becur4 during timeT.2-and since

Q2 is one vb2 will be zero. Note :that.

when Q
1
is.bff, Q

2
is en. So, from this,

we know that during the'time T2, vb2

Willbe zero. A good place then to stait..

to plotvb2 is at the end of T2. Remem-

bering that we had a negative-16 volt

'change when going fiom T
2

to T1, we know
. .

that v b2yi1l go from 0 to minus-I6 volts.
.

With v
1:12

at minus-16 volts, t dio e D
2

ile

will be off because it is reversed tfiased.

1 i

The conditions of our circuit areas

follows:' S1 is in.the on position, this

caused a negat- ive -16 volts to appear

across Di,therefore, D2 is off. What is

the ,time constant:4dt this,part of the

circuit? Turn off the tape and.calcuiate

the time constant..

With S1 in the on positionnd.D2 off,'

:

a

we are left with the 60K resistor wad the

microfarad capacitor'in series., The.

time constant is then 180 microseconds.
.

At this point, ORnow that vb2 is al :16

volts, there is a time constant of 180

microseconds, and v
b2

is heading- for an

asymtotical value ofplus-16 volts.

Whenever v
b2

goes positive, the diode

is going to conduct when vb2 is greater

then 0 volts. The diode will be forward

biased with the positive potential.

The problem then is to Iigefe out how

long it will take vb2 to decrease to zero.

Stop the player and calculate this length



.

of time. The value that you should have

calculated is 126 microseconds; you should

have used the formula shown in figure 9.

When v
b2

reaches zero, the diode-is

switched on and v
b2

is equal to zero volts.

For the -.First 126 microseconds of T2,vb2

is some negative value starting at minus-

16-and apprOaching zero, For the rest of

the period 1j vb2 is zero.

We are now ready to plot v out.

v
b2

is negative, S
2
is off and,v out

equal to iilus-16cvolts. When S2 is on,

When

is

v out is zero volts'. This occurs.iihen

v
b2

is zeib,

' , Your v oat then should have a value of

plus-
.b2

ve value and

zero when vb2 is zero. Your completed

waveforms should look like those in table 1.

What determines the output pulse width?(3)

We can change the pulse width by changing '

the time contant in the coupling circtit. I

By increasing the 60K resistor or the .003 eq
micrOfarad capacitorthe pulse width-of----

the output waveform up to a maximum of the

Fig. 1

length of TI. Pulse width is directly

proportional to this time constant. Also,

varying the bias voltage can also change

the pulse width. Thus, we have a circuit

in which we can vary the output pulse width

by varying component values or bias volt-

age. What effect does varying the amPli-

tuee or length of times TI._& T2? Lleave

these ques,tlong-0nanswered and suggest that

you think about them and then set up this

circuit in the-laboratery. what

effect will using PNP transistors rather

than NPN's have on the output waveform?

This concludes the switching circUlt-diS:
%of

cussion.
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CHAPTER 8
urn../ZAT/ON OF COMPUTERS AND CALCUE:40RS

The avaitabitity'o6 elect/conic caecutatou and computeu

ha4 cheated new chaftenge4 lion the eiectkohic4 cm/Lieu-turn. The4e/

tabox-4aving toots 4houid be utilized mone.,16utty a4.educaiZonat

,&).f.,4 to 4upptement in4tAuction in the two -year teehnotogy paowm.

Thin chaptet-bactude4 inlio4mation on bothta vearid-4-mccW

4 e computa2, with 4ampte FoAtkan, ECAP, and eteclnonic cateutaton

pubtem4 which were developed by meMbeu ';16 the Summer In4titute.

At4o inceuded AA an iellattation what w being done the

Univeuity Iteinoi.4 with computek-as4i4ted ,in4tAucti n in

eemtnicat engineming. The in6oAmation ton th,64 4y4tem, identi-

ed as. PLATO,, was puvided by .Mk. Roger L. ao44et,
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COMPUTER - ASSISTED INSTRUCTION

WHAT IS CAI?

Of all the developments in instruction,

computer-assisted instruction (CAI) has the great-

est potential. The availability of computers

has created new challenges for curriculum devel-

opment in elpctronics. What is meant when we

speak of CAI? Ina narrow sense, CAI refers to

a branching program developed for a sgecific

course or segment of a course, programmed on a

computer so that wit It

through some type of remote consble. In the

broadest sense, it embraces the totality of com-

puter use for assigned work in a classroom in-

cluding computation associated with the solu-

tion of problems in electronics, math, or physics,

or in the laboratory as a guide for simulation

and design.

The use of the computer in the teaching-

learning process has bee, represented by a num-

ber of acronyms, including CAI, CBI, CAL, CBE,

and CAE. Computer-assisted-or computer-aided in-

struction (CAI) adopted by IBM, is probably the

most commonly. used acronym, while Development

Corporation, Stanford University, and RCA have

used the term computer-based instruction (CBI):

Computer-assisted learning, computer-augmented

learning, computer-administered learning have

bedn referred to as (CAL). The U.S. Naval Acad-

. emy has used what they call computer-augmented

education (CAE). The University of Illinois

PLATO program uses computer-based education (CBE)

to describe their efforts. Each manufacturer,

computer system, or research and development

project tend to have their own acronym. No

matter what 'it is called, the computer is an

active element in the instructional process.

CAI AND ELECTRONICS

At this point, the question might well be

asked, "What has all' this to do with the Elect-

roniCE Educator?" The familarity bf the el"ct-

g14

ronics instructor with a systems approach to a

problem offers many important opportunities to

contribute to the improved efficiency of the

instruction process. The electronics instruc-

tor is in a unique position because of his

background of technological competence and an

understanding of the goals and frustrations of

the teacher. The electronics educator is in

a position to so prob-l-ems-wilt -bb

the software and hardware. Instead of wait-

ing for someone else to do all the work, the

electronics educators should be leading the

field of computer- assisted instruction. The

goal to which technology should be directed

is to assist the student to become an effi-

cient, independent learner.

USING CAI

The use of high-speed digital computers

as a central control element provides great

flexibility in the instructional process.

CAI is prepared by the instructor for presen-

tation under computer control, The student

receives instruction in a variety of methods

including slides, films, video display, audio -

tape messages, and typed information. Mate-

rial is presented to the student and then he

responds usually by typing his individualized

answer on a keyset in a student terminal.

The computer responds to the student; respons-

es-and determines how the instruction is to

progress. Students who do not fully under-

stand the material are branched into remedial

instruction and thus avoid repetition of old

material.

CAI is not synonymous with programmed in-

struction. It is not an automated version of

the Skinner teaching machine. CAI makes

'possible unprogrammed instruction or "Student-

controlled learning that differs from the basic

tutorial logic of most programmed Instruction.



For example, information may be stored t,. memory

as'an actual system or device such as a defec-

tive electronic circuit and through a set of

instructions stored in the-computer, the computer

can calculate unique responses to varying stu-

dent inquiries. It has the ability to provide

much More opportunity for flexibility than reg:

ular programmed material.

The computer can also be used to control
0

devices such as movie projectors, random-access

slide projectors, lights, etc. Students in

different teIminalscaninteract withea-c ter

through the computer. In addition to keeping

detailed records of the student's performance,

the computei can provide individualized instruc-

tion, immediate feedback, and remedial instruc-

tion by the use of internal branching and the

alternation of presentation or type of material

based on the student's past 'performance. These c

unique features make the computer an ideal in-

structional tool for developing cognitive skills.

Ways in which CAI calibe used in electronics

technology include the following:

a. DAite and Pkactize

It is widely accepted that the com-

puter can be a valuable tool in the

presentation of drill and practice.

Learning can be modified to meet the

needs of each individual student both as .

to level of difficulty and rate of

presentation. The computer can be pro-

grammed to follow each student's histoty

of learning successes and failures and

to use his past performances as a basis

for selecting new problems and concepts.

The computer can even be programmed to

generate its own drill exercises so that

a wide variety of combinations can be

used without excessive teacher parti-

cipation. Also, the computer can be

used to pace the student so as to in-
.?

crease his speed of responses as well as

his accuracy. ExaMples in electronics

that fit in this area include: reading

time constants, meter readings, problem

265

solving, writing loop and node equa-

tions, etc.

b. Tutoit(lat System°

as
c

The application of the computer to

solve complex problems lies in its zap-

abilities to easily evaluate those cir-

cuits having many loops and nodes. The

pace of a student's response is con-

trolled and he is permitted to conitkuct

an answer rather than select one from

_several_gimen_possibleanswers

usually done in written programmed ma-

terial. For example, the student is

presented with a problem that cannot

be dealt with by a simple of multiple -

choice answer. A problem might be to

design a transistor circuit with spe-

cified input and output conditions.

This may require the student to gather

information, which might be stored in

Me ory, about the transistor he wants

to use. He will have to decide what

tests he wants the computer to perform

or what calculations he wants it to

carry out.

It is likely that no two learners

will ever take the same path through a

complex problem and. this is where the

computer has its greatest advantage

over prograMmed instruction. It has

the 'ability to assess the validity of
. . ,

an answer, judge open-ended verbal

responses, and to distinguish between

conceptual errors and spelling

difficulties. In the tutorial mode,

maximum adaptation can be made to the

individual differences exhibited by

the learner.

c. Computationat Mode

The CAI system On be used as a

calculator to do the Mathematics re-

quired to solve a problem. Experiments

can be simulated by th-wcomputer,

immediately providing -the student with

results he uniquely requested. These

r.

Ns



same results might require hours or even

days to calculate by hand and would

',otherwise be too difficult or lengthy to

do. In a complex system,.the computer

not only does the computation but also

assists in the problem-solving process.

It can guide the-student through a

problem, evaluate each step, indicating

errors as they occur and can require

extensive student ihterac

example, a student is to analyze a

series RC circuit. His task is to

determine the value of inductance and

resistance necessary for a specified

output across the inductance and then

to vary the values and observe the

result. B) manipulating these values,

the student gains an intuitive feeling

for the effects of input waveform, in-

ductance, and resistance, and has. the

ability to solve this type of problem.

He could even ask' the computer to plot

O
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the output waveform or analyze various

. combinations of inductors and resistors.

d. Teating, Redon4ng, andAkoce46ing.

Student PenOnnance

The potential of CAI to\make assess-

ment of student performance is a key

element in individualizing instruction.

The computer can keep accurate and,,

comprehensive-records-on-individual-Stu-

dent petformance and can also include"

testing as well as collecting data on

daily performance. By analysis of

performance data from students on-line,

quick changes can be made in the in-

structional sequence and even generate

additional materials as needed for each

individualstudent. This reduces the

number of evaluation-revision cycles

required in the development of CAI in-

structional materials.

11I.



PLATO EXAMPLE

The University of Illinois has been experi-

menting with a computer-based educational system

(PLATO) since its initiation in 1959. Some of

° the areas in which studies have been conducted

A very promising technological innovation

aimed at providing an Oproved low-cost student

console is the plasma display panel, a recently

invented graphics display device that_is_capable

are electricalengineering, --geoMetry,--617Caogy,

nursing, library science, pharmacology, chemistry,

algebra, math drill, computer programming, and

foreign languages. This material has been pre-

sented by use of a variety of teaching strategies,

ranging from drill and practice to student-di-

rected inquiry.

At the present, a student terminal consists

of a keyset and a television monitor as shown in

Fig. 2. Information viewed on the television

monitor is composed of a slide selected by the

computer (random-access time less than 1 millionth

of a second) and a superimposed image of graphs,

diagrams, and/or alphanumeric characters drawn

b., the computer in a point-by-point fashion. The

student uses the keyset for cons ructing answers,

questions, and for setting up simul ted or real

experiments, as well as for controlling his prog-

., ress through the lesson material. The computer

responds to the student's requests and also con-

trels devices such as movie projectors, lights,

etc.

Fig. 2. Schematic representation of the
Plato W system

of storing on its viewing surface either computer-

-generated or student-generated information with-

out the need for auxiliary storage devices.

Furthermore, the panel may. be addressed by way

of telephone lines of conventional bandwidth.

Under the trade name Digivue, this electronic

device is at present in the commercial prototype

development stage and offers promise of excellent

performance, with significant further reductions

in the cost of student terminals. Made of a 4

thin, flat, gas-filled glass container with trans-

parent electrodes, the plasma panel is so designed

that photographic images car, be conveniently pro-

jected and superimposed on the display surface.

Thus, one can combine the presentation of textual

material or slides with presentation of the com-

puter-generated information,_ as is done in PLATO

Figure 3 is an artist's conception of a

PLAIO student console with keyset, plasma

display panel, and a low-cost random-access m-

age projector. The latter is another invention

that resulted from the PLAFO design effort. It

peiMits random selection by' the computer of any

image on a microform card on which textual and

photographic lesson materials arc stored. Fig-

ure 4 is a photograph of a small LT11 by 4-inch

(10- by 10- centimeter)? pilot-model Digivue panel

with a superimposed photographic image. PLATO' IV

plans call for a panel of considerably greater

size (10 by 10 inches) and a resolution better

than that of television d:splays.

It)

0

*Faken from The Design of an LLonomiLally liable Large -Scale Lomputur Basud Lducation System,

CLRL Report X-5, University of Illinois, Urbana, Illinois.

4

267

J 1)



A new low-cost, random-access audio system

will make it possible for a student call for;

or to record, vocal messages on a locally situ-

ated magnetic recording device. This unit would

typically be considered an optional feature,

especially useful in certain language Courses.

The design of the PLATO IV student conso_le____

makes possible a novel econom.cal method for com-

municating with the central computer at a dis-

tance. By sending the information in digital

form in carefully ar anged time sequence, it is
D

possible to transmitto as many us 1000 student

stations by way of a single educational-TV

L
han-.

nel. At a distanc of 150 miles, such a co uni-

cation channel would cost only a few additional

cents per student-contact hour.

losmo Display
Panel

Keyser

Random Access
Image Selector

Fig 3 (abo.e) Schematai diagram of the Plato IV student.
console

Fag. 4 (right). Superimposed photographic and computer-
generated Intagcs on a Digisue plasma display paieL (In normal
viewing the Imes v.hieh appear in The protected photograph of
the student console vould not he sisible.)

A C-AI APPLICATION FOR ELECTRONICS

The PLATO system is currently being used to

assist in teaching selected parts of EE 260, In-

troductory Networks, at the University cf Illi-

nois. Only those topics that are best covered

by C-AI are presented on the PLATO system. These

topics are integratcd with lecture, laboratory,

and study sessions. The following are examples

of how the PLATO system is being used in the cir-

. cuits course.
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1. A

Each student is introduced to PLATO by the

display shown in Fig. 1.

Hi
My name is PLATO. I am the computer-based

system that will assist in teaching EE 260,
Networks I. I "talk" to you by writingon_
this display. *f6Tii'talk" to me by pushing
key's on the keyset in front of ycu.

PPfer to your ,keyset. As you see, many
key., are similar to those on a typewriter.
Note that on the right side of the keyset
are special keys labeled withswords. Their
-function will become clear to you as we pro-
ceed. I will refer to these keys by tutting
a dash on each side of the word. For exam-
ple, When you are ready to go on, push -
- NEXT -.

Fig. 1

.
.

One of the most important concepts to get

across in the first circuits course is

Kirchhoff's Laws. Figures 2, 3, 4, and i are

part of the series of displays used. For ex-

ample, in Fig. 2, the student is asked to

write the KCL for node 3. Note: The vatAge

te6utence4 aAe gc.veh, but not the canteen. By

using the associated reference (current enters

the positive voltage terminal, which was previ-

ously introduced), the student should be able



to write the equation. If he can not write the

equation, he pushes a key labeled HELP, and is

given the hint as shown in Fig. 3. If he still

has trouble, he pushes HELP again and is pre-

sented with the question shown in Fig. 4. Hall-

ing answered "yes," he is then shown Fig. S,

which now has the current symbols and references.

The student now writes the equation and is

judged "OK" by the computer. Any equivLent

form of his answer would have been accepted.

Write the KCL equation for Rode 3.

Pig. 2

Do you want the cyrrent reference
directions indicated instead of the
voltage reference polarities?

4 y OK

PRESS -NEXT-

Fig.- 4

You shoultrbe able to determine the
current reference directions from the
associated reference directibn.

Please try again, but if'you still
have trouble, return to your lesson

use -HELP1-..

PRESS -NEXT-

Fig. 3

Write the KCL equation for' node 3.

i
1
+i

3
=i. OK

Now is a good time to get some
practice. You may erase-and try the
equivalent forms.

PRESS -NEXT-
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A series of displays from a resistive net-

work analysis lesson is shown in Figures 6, 7,

S,1 9, and 10. Initially the student is shown

grid of 15 terminal points as indicated in Fig-

ure 6. He then enters his own network by key

presses-afid-enters-eath e1-emmt-151W-dt a time.

EaCh branch is drawn after 'all of its necessary

values have been entered. When the student in-

4ates his network is complete, he is shown

Figure 7, which indicates his connections are

"*" (no shorted elements, etc.). On this dis-

play, he is asked one of five randomly selected

network.questions about his network. Fdr example, in

Figure 8 he is asked for the number of inde-

pendent mesh currents. The student may have

a been asked to calculate the node voltages or the

element voltage and currents solutio s which are

shown in Figures 8 and 9. Theseare_computed-and----__
are available to the instructor, who has the op-

tion to withhold the solutions until he has asked

questions about them. Alternatively, if he wants.

to allow the student to use the lesson merely in-

the analysis mode, he may select to show the solu-

tions directly. In other words, the student can

use'the computer as a tool to calculate these

voltages and currents.

11. 12. 13. 14. 15.

ENTER YOUR NETWORK

ELEMENT
TYPE
r OK

INDEF. GEN.

MODE:

ANALYZE

TERMINALS ELEMENT
FIRST SECOND VALUE
4 OK 9 PK 3 OK
v OK I.G. VALUE 4

Fig. 6

Node Voltages: e
1
= '8.028169

e = 4.084507
/

e
2

3
= -0.535211

PRESS -NEXT-'

Fig. 8

Figures 10, 11, and 12 as shown on the fol-

lowing page present a series from a lesson on',

parallel RLC networks. The part shown here as-

sumes that the theory has already been covered.

The student types in the values of C, L, and

LQ

Network-
topology
OK

Give me the number of independent mesh
currents.

/

Fig, 7
+1

v1=
v
1
=

2
v3:

4
V5=

1.971831
3.943662

4.0845i'7

4.6197'.8

3.464'.89

1 =
.2

=
3

34=
1
5
=

1.971831
1.9'71331

0.816901
1.154930
1.154930

vo

PRESS -NEXT-'

Fig. 9

and then isasked_im_Eigure--10-1-f-he-wants-tTi-see

, a plot. The plot is shown in Figure 11 and shows

V
c
(t),

L
(t), and

the plots develop

watches. A. plot

i4in Figure 12.

V
c
Jvs-i

L
(the phase plane p%At).

in simulated time as the student

for a higher Q network i shown

V
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INITIAL CONDIT

iL(C6)4

/ v
c
(t)=1/3 vc(0)=1

CHOOSE VALUES (miy..rofarads, microhenrys, ohms)

C= .1000000 OK -iF L= 1000000 OK pH
R= .1 OK

This is the underdamped case.

m = 9.00000050x106
v = 0.00000100x106

Q= 1.00

f
o
= 0.00000016 MHz

0.00000087x106

1 (0= 1.15xexp(-nxt)xsin(wdxt)
max i = 0.54629 at t= 1204048 sec

(At= 120405 pse,p, N= 41)

* *ADO you want tp see a plot? -*

Fig. 1$

.

0 o o 0 L'

Underdamped
mriod= 7251519 sec
i = 0.54629
M

6=
aX

4000000 Udbc

. o ° °
0 0

0

PRESS -NEXT-

Fig. 11

0

0
1.o

,t
,Underdamped
period = 6485956 sec

= 0.71153
max

6= 8000000 usedo
b 0

0
0 * 0 e ,,,

CA

p

16"
x

A

00
0

PRESS -NEXT-

..

Fig. 12
, -

.14
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Another example fro analysis is as

ows1T-The student has just analyzed a circuit

containing a bittery,'a switch, an inductor,land

a resistor, connected in series. His talk is

to determine the value of the inductor and re-

sistor that causes the current waveform to pasS

through the, points marked on the graph after ;the

switch is closed. He is instructed to make ilLe

resistor value small -and notice the effect (*

the final value of the current. By manipulating

these valves, the student gains an intuitive

feeling for the effects of the indrince and r0

sistance, and he can proceed in an orderly way

to determine their correct values as indicated

on the following displays.

i= O
0

0

L.I

5.-
0

0

o ---7
1

1 2 3 4 5 6 7 9 10 11 12 t

When you are,chrough.eXperimenting, find
'values of L allWS, to the nearest integer;
such that the solution matches the experi-
mental data, Judge each answer separately.

a

12 3 4 5 6 7 910 11 12

When you are through experimenting, find
values of L an4 R, to thq nearest integer,
such that the-solution matches the experi-
mental data. Judge each answer separately.

b

a



.s.

1. DIM

0

EMI

0 . .0-
0

1 2 S 4 S 6 7 8 9 10 11 12 t

When you are through experimenting, find

values of L and to the nearest integer,

t such that the solution riaTrtahe experiment-

el data. Judge each answer separately.

c

L 7 OK

a
a

a 0n
0 0_

I 2 3 4 S'.6 7'$ 9 10,11-11.-cl

When you are through eiperimenting. find 1

values of L an R , to the nearest integer',

such that the solution Wirar;nre-txperiment-
al data. JIdge each answer separately

I

I7 OK

.-
1 2 3 4 S 6 7 6,9 10 II 12 t;

' When you are through exp4FImenting, find

values of L and to the nearsst incase ,

such that the solution matches the exporter+ .

al data. Judge mach answer separately.

0
0

ERN

0 0 0

.*
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- I
1 3 1 4 S 11 9 10 II 12 t

Plum you are. through experimenting. find

values of L and to the nearest Integer,

such that the solution matches the experiment-
al data. Judge each answer separately.

1

f

1. 7 OK

n.e0 01 10

1 3 3 .5 6.'7 8 51 10 11 12 t

When you are through vxperimenting, find

values of -L and R nearest into

such that the solution safexcanent
al dats. JOle each answersep ttttt ly.

9

/ .

ti
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COMPUTERS AND CALCULATORS AS TOOLS

The availability

/

/

lability of computers has created
T

new challe7ges,for curriculum-development in

eleil.ioni s.technology. The computer is a

tool tha, increases the student's capacity to

'AO intelligent work. It enables Ilim to work.

/
proble more quickly, with less drudgery,

..,

* and with greater accuracy. It is quite appar-

;e6Ohat the competere'should be utilized more

"illy as 'an eddcational tool in the two-year

echhology program.
. -

.'ELECTRONIC DESk7TOP CALCULATORS. I

.. .. The deVelopment of electror4 desk -top
*

calculators, which are, really la0,scale

compUters, has particular signific*ce in

teaching electronics. The primary benefit is

found in thedevelopment of concepts by the.
0

'students and the exploration of these con-

cepts by prOblem75olving.sithations utilizing

the calcula,tor--tO do routine opetations quick-

1y1 Sample Operations involving the use of

calculators are: EValuating equations, expo-

norlitial function's; and trigonometry functions.
,

' I These and many other problems can be

solved on tie calculator. There are a variety

of k.alculaters ivailable, man), of which are -T
/.

programable. partial list of electronic

calculator ma ufacturers appears

later in the chapter.

ars

The electrenic calculators which are pro-

gramable ca
/

solve problems that are pretty
7 , e

complex._ or example, the Hewlett Pickard

91008 ca, solve a twelve by twelve determin-

ant. 'A sample problem on solving a/iwo-node

circuit/ n the Wang 360 is illustrated ip

a later/section of this chapter.

/
' p

in remote locations that operate off of one 1

main bra:n. .0ne such system is the Wang 300'

series.

--nit main advantages: of ax-electronic

calculator are that they are relatively in-

expensive-as ompared to a large computer

and they are asy "for the,. student to use: n4

special langua e is,required. P

A
In order for electronic calculators to

be used effectively, they must 'be available

for student use. Placement in the laboratory-

where students ipe spending much time is most

effective. They must be located close to the

area of study so that the student may at any

time work a problem using the calculator if

he so desires. The main point oLemphasis a

that the student is abte to eZptote the de- 4

vetopment o6 a concept Cuithout becoming hang- I

up with the mathematicat:maniputations.

I

COMPUTER PROGRAMMING

Each year the engineering technisian is

workingore and more with solving problems

using the comnuter and will increasingly be-

come more env lved in the future. It i-

ly doubtful that a technician can go to work

in liclustry and in some way not be around a

computer facility. Tojrepaee the technioiar.

for work, the electronics technology curric-

ulum must take into account new way? for solv-

ing old problem's and the host of new prob- '

lems-Which have arisen.

At teast onccounae in '4ompUtek ionog/Am-

m49 .honed be tequited .0 tht too -yeah itec-

titomZck ClahiCaUM. The course should be'..

offered in the first year so that the student
. .

can use the computer a$ a tool In as much of ".

the curriculum as possible. The setondsemes- .
; -

ter or 3rd quarter of het firseyear. is sat-

rietiPheka,V9atpment can be obtained' for

some electronic calculators such as paper

priners, card readers, plotters, etc. 'It'. may

be possible-to-liavd' several keyboard terminals

,

/

/
,
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isfactory. .The.languIge shoUtd be a users'
language which s fairly versatile forpe-

. 4
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forming scientific calculations but whichare

also easy to learn. Basic and Fortran would

be good in the first year and perhaps alittle

bit of ECAP"(ElectronIC CircuitAndlysis Pro-

gram). This is a difficult course to teach

because of the gtudei4 mathematnaiback-

ground in the first year. It must betaught

the firSt year to be of much value to the stu-

dent.

The course in computer programming con-
.

sists of aAarge amount of. detailed instruct-'

ions and should be presented precisely and

thoroughly in the basic fundamentals.

course can probably be taught best by an'in-

strueter'iath a knowledgeable-background n

computer-science but with*the full coopera

ion_4f the elecl.rehics staff: A coerseoui-

line l'ors"uch a ceUrse appears laver

.1c the chapter.'

Two-year Heationic technology students

sfu.:ild not be expected to become experts in

pregrammieg, but zather they should be able

tegaip syfficient prograMming.kcvledge to

make *ethaiire use of the Computer in protiem

Do/Ning, .simple -design, data reduction and

tabulation, model s4mulation, and repetitive,

tine-consuming calculations which student

ofte.refertoas busy work,

It is quite important that the computer

Ali' musp"be readily available for use by

the_Stu4nkst. The computen 4houtd be 604 the

t'licten.to'ng the adminiktAxttion. Also, turn-

around tinXshould be in the.order of seconds

or minuteso'not hours. The itildont should

have immediate results.

STUDENTS, CALCULATORS, Al4D COMPUTERS

Lot's ta!:e a look at what computers and

calculators have to offer for the student.

Cta46Ac2m In4tAuctton

1. Student comprehension and in-

tUitive understanding can be devel-

oped.

2. Stresses the logical structure of

concepts that encourages intuitive
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ability rather than cote skills.

3. Develops a logical approach to

problem solution.

4. Many concepts can be developed and

demonstrated that would otherwise

be very difficult or even impossible

such as limits, frequency response,

stability, exponential response, .etc.

S. Students can question the process,

change parameters, and obserVe the

results of these changes.--

6. °Problems that are complex and require

many hours of calculation can be done

in microseconds.

7. No need for the student to manually °

perform the monotonous

and over.

8. Difficult concepts can

early.
Enables the student to

arithmetic over

be introduced

extend their

understanding of Mathematics and cir-

cuits which might otherwise be beyond

their reach.

Laboratory Imbtrtuction

.1. Key concepts of the experiment can

be reinforcod as it is performed.

Laboratory results can be plotted

providing visualization of the re-

lationship between parameters.

3. The student can compare immediately

the analysis of experimental data

with the theoretical programmed

model.

4. Circuits'can be designed before the

student gos.into the laboratory.

5. The-concepts of linear, non-linear,

etc. can be graphically displayed.

Individual; in4ttuctign

1. Students can verify their own

work, rather than an instructor

corpicting it.

2. Solve problems without the

supervislon e an instructor.

3. Students can work at their

own pace.



4. A supplement to classroom

instruction.

S. Increase student motivation

and interest'.

In solving any kind of problem, a comput-

er is helpless until Pt has been given a de-

tailed set of instructions. The ca pater can

riot figure out.how to solve the problem. All

it can do is Slavishly follow directions step -

by -step until \the job is completed. The stu-

dent must understand the problem completely

before he can instruct the computer to solve

,the problem. 1:t the. student does riot know bow

to -solve the problem; the -computer will be of

='7.no'value to.hlm.

ECAP .

A serial Computer program package known

-ag-ECO-41ettroniC Circuit Ahalysis Program)

--has the conilenierice ofA)eing easy to program

-but the disadvantage of.requiring a large

amount.efL eomputel- core memory in order to
-

-utilize -d full ECAP package, SoMe-Modified

_packages may be,available. Consult your IBM

--foiiresentativeqegarding Modified packages

that mayfit.your'system.

ECAP is based on nodal analysis and has

capability for DC, AC and "Transient analysis.

dirciiit or system that can be modeled as

. an equivalent electridal circuit can be-solved

usivvELAP-, The outputs available are branch
. .

voltages and currents, node voltages-, and-

:branch power. These include magnitude and

phase of Vottsges 'and current on AC analysig.

;fin addition on DC analysis, sensitivities,

-worst ipse,Wand-standard deviation are also
,

:available outputs. S-prisitivity is the change

in response_eup'to'a one percent change in

all circuit:Parameters. Worst case is the

response 40 the extreme. specified variations

of circuit parameters,

The AC analysis does not contain the

sensitivity, worst case, or standard de4iat-

ion. The AC'analysis does have the capability
er-

iof producing a nodal admittance matrix in the

output. Both the AC and DC analysis permit

Fircuit parameters to he modified within the

input data list..,

Transient analysis utilizes the same type

of input data codin except the program mult

include a'timelOtepping specification in place

of the frequency specification used in AC analy-

sis and does not permit the circuit parameters

to be modified in the data input list.

The technique used for ECAP programming

consists mainly of entering the circuit para-
.

meters and data. This is done by first estab-

lishing the circuit model and defining nodes

ancl-:branches. The data is then entered by

branch connects; and the parameter value.

As an example, suppose we have a simple series ,

RLC circuit with an AC voltage source as

shown below. The nodes are indicated by the

numbers enclosed4n the square boxes with the

arrows indicating the referenced direction.

Ihe'followi-ng circuit problem illustrates the

use'of ECAP.

N(0)

B1;40,1), F. = 400, E = 10/0

82 N(1,2), L = 3E-3

83 N(2,0), C v .2E-6

FR = Igo()

PR, NV, CA. BP

EX

END

The above program would calculate and

print out thenode voltages, branch or com-

ponent currents, and the branch power for the.-J.,

above circuit operating at a frequency of

1,000 cps. Further examples of ECAP programs

appear in,later sections.

pc:-. ''),;-4 s
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TIME -SNARE TERMINAL

Another possibility of computer usage in

the electronics program besides the desktop

Electronic Calculator and a large-scale com-

puter such as a 360, is the time-share tele-

type terminal that is either connected through

an accoustical coupler and phone line or hand-

wired to a computer at some other location.

The teletype terminal a relatively inexpen-

sivesive method to use depending upon yeur'location.

For a feW dollars an hour, a teletype terminal

can be operated in an area that has a time-

share computer available.

There are many languages that are avail-

able for the teletype and most are very simple

ones that require little or 110 previous prog-

ramming knowledge. Also, such programs as

ECAP or-variations of ECAP may be available.

-Additional Peraphe!cat equipment -is also avail-

ablesuCh as punch tape readers and printers,

plotters, etc. For the program on a tight bud-

get this is one method that desires careful

consideration.

What -I have tried to do is point out var-

.-lout methdds where computers might be used in

your electronics program from the small elect -

oronics calculator to the teletype terminal to

a large-scale computer. Each has its own ad-

vantages and disadvantages. I would like to

recommend that a teletype terminal or a large-
.

scale computer be used to introduce the stu-

dent to computer programming and that a small

electronic calculator be available in all pro-

grams for the students to use at all times.

The following are some illustrations as

to how you might use the computer as a tool in

your electronics program. Also, sample com-

puter problems,appear in later sections.'

COMPUTER APPLICATION TO ELECTRONICS

The techniques developed in the circuit

sequence lend themselves nicely to calculator

and computer solution. For example during the

presentattorr of Resistive Circuit analysis the

ideas of use of the computer as a tool can be
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developed by giving complete sample programs to

students,Jetting them punch cards and run th©

deck through the computer center or let them

work with the time-share system.' The idea here

is to let the problem be one they can readily

see the answer to by calculation with slide -

rule and calculator. If this is done once,

every two weeks, by .the end of the Resistive

Circuits course they are knowledgeable in the

area of Key-punch,procedures for running pro:

grams through the computer center, and inter-

preting the computer output.
. .

Sample programa in Fortran and Basic can

be run to show mathematical Similarities where

they exist. At'this time doot use looping

and branching just addition, subtradtion, mul

tiplication, division, exponentation and use

of built in library functions.

Running concurrently with the teaching of

Single-Time-Constant circuits a course in Pro-
.

gramming lends itself to further development of

ECAP as a powerful tool to do many routine cal-
.

culations. For example, the frequency response.,

characteristics of RC or RL.circuits aretra-

ditionaity solved by applying the Bode

plotting technique. In ECAP the circuit can

be simulated and the frequemYsstepped through .

a range and the computer output evaluated.

-Most any forcing function can be approximated

by ECAP and a piece-wise linear basis and

applied to the circuit under analysis.

The techniques using ECAP find most success

in the first-year program analyzing Passive

circuit's, examining node and branch voltage-

current and element power dissipation.

As students enter the second-year program

and work into the third circuits course,Net7

works,they have the means to work, out many more

complicated circuits than could possibly be

done by, brute force and the slide rule. How-

ever,before they approach ECAP at this level

they must have a feel for the expected solution

based upon solution of similar problems of low-

er order.

With the study of circuit models in the

41-: '1' r



second and third electionics,couTses MAPtech-

hiques Canbe presented to observe circuit of
e

system resporsein terms of expected results. At

AlliS point plotting routines can be used for

circuit and response.

The purpose ECAP is to explore the use

another tool whih today's technician will find

of

in

induStry: One must take great pains tomake the

learning of the-special operating techniques as

.-pairilesS as 'possible. The steady use'of this

-tool throughout the two-year program will supply

the-technician,with another saleable skill. The

.objective here is not to make programmers but to

,develop: the Use=of an additional tool. Upon

completion of-the two-year program the technician

Ahould-136Lable to -use thesetools effectively:

1. Capable-of working-all-scales

on.the slide rule.

2. Capable of working the key-

board functions displayed

on a.electronic calculator.

Capable of working with a

capable Programmer or,,

:Engineer knowledgeable in

_the-languages. He should

be-able-to-handle-routine,

_procedure, Interpret results

and offer constructive comments

.in cession of the problem.

DESK-TOP DIGITAL CALCULATOR MANUFACTURERS

Cintia Physics CoMPany
440 LOgue Avenue

.MountainlView, California 94040

Digital Equipment Corporation
146 Main Street -

Maynard, Massachusetts 01754

'Eldorado Electrodata Corporation
Or ChilOiliar, lioad

CO-heard, California 94520

Pricier' Corporation

2350 Waihington Avenue
San Leandro, California 94577

'Hew lett PaCkar'Company
C 140 Page Mill Road
'Palo Alto, California 94304

IME Systems
7800 Riner Road
North Bergen; New Jersey 07047

Logic CorporatiOn
15 East Euclid Avenue
Haddonfield; New Jersey 07033

Monroe
550 Central Avenue
Orange, New Jersey' 07050

Sony Corporation
401 Carol Circle
El Segundo, California 90254

Victor COmptolheter Corporation
3900 N. Rockwell Street
Chicago, Illinois 60001

Wang Laboratory
836 North Street
Tweksburgi MaisAChusetts 01876
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MODEl:A429AEY-TUNCK

WANG-410DM360CALCULATQRS

. - - . .4 . .
The above picture was taken at Harper College and illustrates how calculators and computers

can be used in twoyear electronics programs. The calculators and keypunch are located
in one of the electronics labs for convenient student use. Students are free at any time
to use these'siools for classroom and laboratory calculations.

/
7 9 0

7 .

/

The picture on -the right illustrates
the_accoustical coupler needed fo0>.
time-share terminal.

cr



A- SUGGESTED, C_OURSE, COMPUTER. PROGRAMMING

SUGGESTIONS

This course Should be 50 to 55 contact hours

-in length-with 'additional, time for laboratory

-wofk.as_reqUired.

.Although this course must remain flexible

aoughto be adapted to the available computer,

should start with an introduction to computers

in-generaland some of their uses. This intro-

-cittionshould-lead to a presentation of The Pro-
.

jiertieS'of--the-General-Purpose Computer followed

ty.:-..in,oraerlY_Tresentation of-baSic computer pro -

Should be taken in sequencing, so

tilat:USe'Oan:h.e.Made of the computetfin both this-

aiid,applicable concurrent courses at the earliest

"date feaSible. .

Once'the7basiioprogramming has been covered

the use of'in-line and auxiliary systems should

--=be presented. The remaining time should be spent,

On :apPliable nutherical_techniques. Since this

'course is to be offered during the second quarter,

.or-third-qUarteri-or second semester t the lat-

est and the available time and class space may

-Ivary,several of the topics listed near the end

Y of tlieµcours,e outline are indicated as being

-optional.
4

The minimum. coverage for this course are Sec-

Lions A and B of the course Outline.' Some of the

topics in SectiOn C, "Numerical Techniques" and

Section D, "Optional Topics" may already be part'

of another course in the curriculum in Which case

they need not be covered in this course. Other

topidS in these two sections may have direct app-

lication in.other courses in which case, it may

be more desirable to transfer tie presentation of

such topics to the applicable course for present-

ition as fie-Med. Such transfer is recommended.

It is intended that this course be an integrated

part of the total curriculum with the use of com-

puter encouraged in as many subject areas as

feasible.

279
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A. Intkoduction To The Compute4 Stfatem

1. The Properties of a General-Purpose

'Computer

4, a. Move information from one plade

to another and find information

already stored

b. Perform basic arithmetic opera-

tions

c. Perform tests and decide which

of two or more possible proced-
,.

ur to follow, basing such

decisions on intermediate results

which may not be-initially-known-
.

d. To follow a prescribed sequence

of operations

e. Change the predetermined sequence

of operations to be performed, de-

pending upon the results of inter-

mediate operations

f. Perform more complex operations by

repetition-of basic instructions

and tests, possibly modifying the

instructions in the course of re-

-. . _piatp)gthem-- _ _
_

g. Store in the computer the results ,

of tkese operations, which may be

recalled for later use

e

2. The Organiza:idrf of a Modern Computer.

System

a. Stofage elements which hold in-

formation

b. Arithmetic and control elements

Which operate on and control the

flow of information

c. Inplt/output elements which re-

ceive and display information

d. Use of operational equipment such e

as the key punch

3. Programming Digital Computers

a. Machine language

b. Symbolic language
411(r...



c. Problem-oriented languages

13-. -FORTRAN Pug/tanning

Elements of FORTRAN-Definition of

Terms .

a. FORTRANdanguage

b. Source statement

c. Sourk ce program

d. FORTRAN compiler, FORTRAN trans-,,

litor, FORTRAN processor

e. Object program

2. FORTRAN Arithmetic

a. Fixed-point and floating-point
st,

Iz

arithmetic

b. Constants

c. Rules governing fixed-pant con-

stants

d. Rules governing floating-Point

'constants

(1) Floating -point constants

with exponents

(2) FloatingLpoint constants
.

with exponents

'e. Variables

f. Rules governing.fixed-point_

variables

g. Rules governing floating-point'

variables

-h.Relationships among variables,

, const nts, and storage- registers

3. Arithmetic Operations

a. Addition

b. Subtraction

C. Multiplication

d. Divisioff

e. Exponentiation

4. Arithmetic Expressions

.a., °riority- ofs operations

b. Order of execution of oper-

ations

c. Useof parentheses

d./ Nesting of parentheses

S. FORTRAN Arithmetic Statements and

Functions

'a. The arithmetic statement

b. Mathematical functions

.

A 0280

6. Statement Numbers and FORTRAN';

. Coding

a. Statement numbers

b. FORTRAN coding form

7. FORTRAN Statements

a. The unconditionl GO TO qtate--

fient

b. The IF Statement

c. ,The IF Statement and inexact-

numbers

d. The logical IF Statement

e. The computed GO TO Statement

The assigned GO.TO-and.ASSJGN

g.

Statement

The CONTINUE Statement

8. Program Halt°Statemeut

a. The PAUSE Statement

b. The STOP Statement

c. The CALL exit Statement

d. The Ell Statement

9. Input/Oiltput Statements

a. The READ Statement'

b. The WRITE Statement

The PRINT Statement_

d. The PUNCH Statement

e. The FORMAT Statement..

f. Input specifications

(1 -) .F field ,

(2) E field ---

.(3) I field

Output specifications. .

(1) I field

(2) F" field 644e

(3) E field

(4) X field

(F) H field

10. Subscripted Variables

a. Arrays

(1) Representation of

arrays in-FORTRAN

(2)% Allowable fprms of.

.subscripts

b. Dimension'statement

c. The DO Statement

(1) General form

g



_.(2)_ .Rules governing the, DO

statement

d._ 'The CONTINUE Statement

e. Input /output -of arrays

(1),_ -Use of- the implied .D0

notation

.(2) Input/output operations

involving arrays

(3), Input/output.ofiro-

- dimensional arrays

(4) Input/output of arrays.

without subscripts

.f. UseTOfmatrix multiplication

g: Saibutines

(4). Library functions

421,Built-in.funetions

(3) Arithmetic statement

functions

/
(4) Function subprogram

h. The RETURN Statement.

i. Subroutine subprograms

j. The_SUBROUTINE.Statement

k. The CALL Statement .

-, 'The:.ENTRY Statement

n,-TheiEquivalence and Common Statement'

a. The equivalence statement

.(1) Equivalency arrays

L). The- common statement

(1)- The use of dimensions in a

COMMON Statemeht

(2 Transmitting_ arguments

plicitly between the call-

ing program and the subpro-

gram

(3) -Dummy'variable names in.a

common statement

(4)-- Interaction between the

equivalence and the common

. .Statements

(8)_ Labeled common storage

(6) Use of the labeled COMMON

Statemeni"

:12, Other Forms of Input/Output State:'

s.
r

Tents

a,. Format specifications
. .

OW
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(L) The A spetificatiori

for Ann

(2) The A specification

for output

(3) ,The 0 specification for

input

(4) .The 0 specification for

output

(S) The scale factor for in-

put ,

(6) The scale factor for out,. _

'put

(7) The'use of printer car--
, -

riage control

b. Format-statements read as data

13.0 Type DECLARATION,StateMents

a. Integer

b. Real.

. c. Double Precision

d. Logijal

e'. Complex

f. External

g.'

a

Type Declaration for a Func-

tion SubprograM

h. Type declaration in a calling

program
.

Data statement

j. Block data subprogram

14. .'Complex Arithmetic

a. Complex numbers

b. FORTRAN repregentation of

complex expressions

c. .Input/output of complex

numbers

(1) Library functions of

, 'complex variables

(2) Allowable forms of-the'

assignment statement

t

C. Nunteraca rechni4ue4

1. Computer Solution 'of Polynomial and

Transcendential Equations

a. Half-interval search technique

(1) Bisection methOd

b. Method of iteration

t.
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. .

.

, .0
(1) Convergence of the iter- d. Logical constants

,

$

ation process . e: Logical variables'

1(2) Methods of speeding con- - f, Logic:al expressions

vergonce : g. Relational operators

Method pf false position . h. Logical opbators
-,

The Newton..11aphson.Method i. Precedence of operators

Systems of Linear Equations . j. Logical assignment state-

a. Cramer's Rule
...

0 ments

(1) Yraluation of a determinant

b. Gauss - Jordan. Elimination Method

. (Optional; . ,
'c. Gauss-Seidel Method (Optional) 2. Double Precision4Optional)

(1) Convetgence of the Gauss- a: Double - precision variables
)

. Seidel Method..
f ,

., and expression§
.,

.d. Matrix inversion Method b. Double-precision constant

e:- Gauss-Elimination-Method c. '.Double-ptecision fundtions
.

_3-:._ Quadrature . ' -(1)- Library functions.
,, $

a. The' Trapezoidal Rule d. Inpdt/output_of double -pre-

b. §impson'S Rule ' cision constants

c. Gaussian Quadrature ,(Optional) 3. Magnetic tape input/output

4. Numerical Differentiation (Optional)
,
a. Magnetic tape input

. 1 ,

a.' First central - difference

k. input /output of logical:.
.

quantities

1., The-logicaif statement

'6, Second central-difference

c __Firstforward-difference.

d. Secondlorward-difference

e. 'First baCkward-difference

-f. Second backward - difference

5. Graphical Solution

A. Graphical dispgy of data

b. Subroutine for a plot

Optionat TopLc4

1. ogicaa Operations

a. Basic concepts of Boolean Algebra

b. PdStulates of Boolean Algebra

c, 'Definitions

(1) Idempotence law

(2) Commutative law

(3) Associative law

(4) Distributive law

(5) Zero and unity law

(6) Law of absorption

_(.7) Law of involution'

(8) Law of complementarity

(9) De Morgan's Theorems

s 282

b. Magnetic 'tape output

c. Input/output of binary

information .

d. The binary'writeatement.

e. The binary read statement

f: 'Auxiliary magnetic tape

\ instructions.

ee

SOME SUGGESTED TEXTS AND REFERENCES

Beckett, Royce and Hurt, James, Numerical Cal-
culations and Algorithms, McGraw-Hill Book Co.,
Inc., New. York, New York, 1967 f*

Carnahan, Luther and Wikes, Applied Numerical
Methods, John Wiley 4ons, Inc., New.York,
New York, 1969

Dorn, William and Greenburg, Herbert, Mathe-
matics and Computing with FORTRAN ProjiTiiii7g,
John Wiley 4 Sons, Inc., New York, New'York,
1967

DouthwaiteG:K., and Dunn, W.L., Introductory
Engineering Problems by Computer Methods, Pac-
ific-Books,.Pajo.Alto, California, 1964

Dunn, Walter L., Introduction to DigitalCoMp-
uter Br:4)16ms Using FORTRAN IV, A self-instruct-

ional programmed text,-McGraw-Hill Book Company,
Inc., New York, New York 1969
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,Blatt, :John M., Introduction to FORTRAN IV Pro-
graM6ing Using the Watfor Compiler, Goodyear

Publishing-Company,'1968.-

Cress, Dirkescn, and Graham, FORTRAN IV with
Watfdr, Prentice-Hall, Englewood Cliffs,R7J.

' -.' -----.
-

Jeqsenp11 and Liebeimah, M, IBM Electronic
Circuit Analysis. Prqgram (ECAp), Prentice -hall,

CInc., Englewood UM, New Jersey,1968.
+.1

Farina, Mario "T FORTRAN'IV Self-Taught,
Prentice-Hail nc., iinglewood Cliffs, New

..lersci, 1966... * '

Golden, James T., FORTRAN IV Programming an.c1
,,Computing; Prentice-Mall, Inc., Englewood (Riffs,
iNew,Jerscy, -1965.

g, Richard...W., Numerical Methods for Sci-
. . e ists-and Engineering, McGraw-Hill Boa Co.,

Inc., New York; -New York, 1962.

IBM'Systeins-Referdhce Library, FORTRAN IV for
-IBM SysieM/360,,,Forms R29-0080, through R2940087.

'4BOYstems.:Re.fren e Lillrar,,IBM.SySte6/360

771-7FORTRAN-IVAanguage 360-2S, GC28-6515 -7.

..j.IRM,,Systems-.Reference Library, Ilectromic Circuit

-AhilYSis.'Programming (ECAP), 1120-0170-1.and.1120.

-0171=0.: : :

o.

kuo, Shan S., Numerical Methods and Computers,,
Addison-Wesley Publishing Cot, Ileadi4,.Mas-

13achusetts, 1965.

Ledley, Robert $., FORTRAN-IV-Programming,
McGiaw-hill Book Co., Inc.

Lee, R. M., A ShortReburse in FORTRAN IV Pro:
framing, McGraw-Hill-IPT Co., Inc., 1967.

Levin and Herman, Introduction to CbmoutcY

Analysis: ECAP for Electronics 'Technicians
and Engineers, Prentice - Mall, -Inc., Englewood

Cliffs,.New%Jersexo 1970. N

*0
McCracken, paniel D.; A Guide to.FORTRAN IV

Programming,'John Wiley l Sons, Inc., Newt York,

New York, 1965. ----

McCrackCil:Daniel U., and William S. Dorn,

Numerical Methods and FORTRAN P-rogramming,

John Wiley Sons, Inc., New York, New York, '
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± SAMPLE PROBLEMS ,USING .ELECTRONIC CA*LATOR

`. Mh

VAII4114 POWER TRANSFER

P ARAM CARD 100.12alk

..8«8 lb '6 011-.46. 88 8 t
b 6NO ,O,.8 ri-ot

aa8,46- 6.4,6 845' t 'tot
6;6

ilfri t511r.b adfl ,8..8 -8 t
--81.,84 6..8 a t88 a t --t..-
.111118.iii 6 t-t

8.!8*C ±
14-66 Eel:L.34 opa

C '-
41. .1. .1. (.L.\

g.=

C

Y

AH8- c5.6 6,11
aP4

e.3

e.3 4%6 0..8 it- -
'7848%8 -6 ei..6 8..6
c3.,.8 6 O r-1

'64a cL),6
-8.8 a 64..6.6 LL-j5-

8 -6, e3 e'en

8,435- 6 6 6rt 1-1;4' el-rt-
&A. a 6' P;-6 e-

,oo ra;o cr
'Z,

Cinr5 6
8.8 6 r88 lri.) 61- et. e-
808 6 G 6;e: e.1.."8 et: i bin
6-6 _6. 6 bat AL

"" WANG LABORATORIES. IN. TEWKSBURY.

-Given the above circuit, find the' 111EVENIP

equivalent circuit to the left of R and then

calculate the ,power transfered to RL for one

particular value. Establish the method ghat you

used.and then obtain the program card f om your

instructor for the Wang Model 360 Calculatorand

find the power transfered to R ever the specif-

e7.4,
MASS.

I.

ied range. Piot the power transfered to Rcand

.determine wheh it is maximum:

The following is the procedure to use.

1% Enter the value of Eti; in memory

.

L

regfier (0)

Enter the valu'q gf 1111 in memory.

register (1) .

3. Insert the.pragtam card into-the
.

reader,

A. Push "Start" on the card reader.

S. ype in a value of RL on the key.;

S
board,

Push "Continue" on the card" readpr.

7. Record RL which appears 'on the
.

digital 'read=eht.
IV

8. Returnoto Step 4 and rOcycle' pro-

. gram with anotheivaiue of, R.

this as many 'time; as yqd

,,SOLVING A THREE -NODE RESISTIVE CIRCU17.--N

. 2

1 v - 1 v(I) (R. IT AN 111A BN. R1r 3, 4

1 1 ;3
(2)- v'

4
AN R

4 5

1
)V

2

R2 BN R2

The sOluticin for the node, Voltages V and
AN

VBN, appears in coded form on theftilloWing page.

This program solves tile two above equations by1

multiplying the firs. equation by the coeffici-

ent of V
BN

from the second equation anemulti-

plying the second equation by the coeTficient.N
of VBN, from the first equation and ihqnsolving

for
.

VAN. Aftersolving for VAN, it is then suhl

stituted back into the first equation to obt4in

the value of VBN.
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i

;

,Before Starting;
Clear all, StaC Rs in Right Adder, R4.in

Regkster,S, R3, in Register 2, R2 in Register 1,

and R in Register 0. sa

A'.'ter..._the first, Stop:

Store-E21 in Register 2, index and enter, E 1'

Afte.f/fhe Second. Stop:

7,' Record/VAN
After the Third Stop:

't Record VBN .
'End of Progrim

.

...........%.
,Prograntode 300-360 Operation No. Cmd Code Commont o. Cmd Code Comment

01

I0 -
- 11,... .

', 12

13 .J4--
1S

16

0
41_

42

43

.44

-46

47

. 50,,
5 .. -..

52 ,
Si

'4 '54.
'55; -

-'56
57

60.
:61

.62

63

64.
,.

65

66 .
. -

67

70
71

75

76

77

-

.

Stopr
Store RegO
Store Reg 1-

Store Reg 2
Store Reg 3

Reeall Reg°
Recall Reg I

, Recall Reg 2

Recall Reg 3

inter
,

LogeX
ex

.

X2

X-z

+=

Clear Right Adder
Recall Right Adder

' + Rigtit Add0L
4.

- Right Adder
Clear Left Adder

. Recall Left Adder
+ .tcft Aeide

- Left Adde
:

Numeral 0
Numeral I

Numeral 2 .

Numeial 3

Numeral 4

Numeral 5-

Numeral 6

Numeral 7
-Numeral 8 ..

/'Numeral ( '
Decimal Point

Clear Display

Change Sign

,

',

. -

-

r

,

88- ÷ = 4.71
40

41

F1111FR

'RE 012,

41

51

',.

01' AL 56

02 RE 2 ) 6-
. 12 .y . 4 6.

03 :
,

47
43 ri AI S4

04 AL SK
.. 44 Al SA

CI RF 3 17
45,F .4

.,
17

06 ..4. 47
46 -;2'

S'

07

Ott

A' o f*. V 47 ST 1
,0

RE AR 51 '
. ,

48 :

09 7; , 7 :49
uk !

10. CI. AR cn \ ii/

51 Y14

17

AAII' AR 52
\ .

' \

12 RF 1 17 52 11

0 .

13 4= 1 47 53 .

14 hm--- 57 ' 54

15 RE 1 lc
.

47

'
.

il

56 CL AR

I

SO16 4..:
17 AR 52

oef. . VBN
2 57 AR S

18 RE 3 17 Se RE 2 '16

19 ': '47 59 AD Ci

20 al SI 77 60 mit.
61 PE m. As

- ..
z, -

21 ST 3 I%
oef. Vali

More
22. STOP

.t2
01 Fnter El .
1.4 I

i L. ., I: --,
63 STOP

64 F1.1101

.
01
41

,
1) '

VAN73 RE- 0'
24 4.= i 47

25 ST 0 'In 88 RF ' IS
..

26 RE AR p 66 1-0 46: -,

27 I. ENTER 41 6.7 eti

6$ CL AL

7

54
.

''L'28 riF n. 14

29 = 46 69 ST so: e
'30 ST 0 t :LI! `70 .RF 2 1 e

1

31 Re 1 j6, .1
- 71 at /

72-irm.

,..

56

ii . . . ..,
.-i2 ENTER 41

13 RE 1, IS 7310RF x
74 :;=

-
17

.34 +,;;; 47
-',

.

, '

.. ..

.

.

. '

,. -:
c.

...
35

_

' R .i.
- 75 s a VIIM

36 RE 3 17 76

p,
TIIE 17,,,k!D

37 Xr
_ .
46 77

38 ST 2 12 78 _
39 _RE AL 55 I'i % - 79 - - .
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..
FORTRAN IV. PROGRAM FOR PULSE ELECTRONICS

_

lb

c

'- WRITE-1626r
FCRMAT 1 PULSE ELECTRONICS'') -

- .WRITE(6.20)
.20., FORMAT( T /00 THF OUTPUT ACROSS' THE DIODE OF A CLIPPING CIRCUIT WITH

-.AASIMLbjAifillp5 INPUT VOLTAGE = 10SINIWT) ////
.5 '40- WRITE( 6.60Y
`6 50- .FORMAT 401 T24 ANGL EI DEG111460SIN( WT) gT6791E OUT° 1_

FORMAT(' VirT10.1ASSUME IDEAL DIODE')
E.-- tr. -70 -WRITFI6.50) 1 -

9 -. : sp- DO len. 1=10'6 .

tLL:_: 46 DEG ...,LAD.o*r.
. .

,...-11-
-..-100' .X= D EGt: 0174 532925

12.--:):05 AmS IN?
13i- : '110. E = 109 -

;14-" 120' IF (t) /30:140.140
15-:-.- =13,0 -1E3.00' . ', -'
116 -, l'T4-1! WRTTE( 6.150) EG,A,E
17 J50;1 FORMAI:( T264 8. 2.1.45.F10.T.T65.F10. 3) , .

a -. -ON* . . . . ,
. , . .

1 _- 17071). RITE(6i1
86 °RHO( TIO t° ASSUME -FORWARD RESISTANCE = 1/10 OF TOTAL CIRCUIT

---1(RESISTANCE II "
21 . ,i90 -= WRITE(64Q)
22 200,:, DO 280 ..1=1936
23 2 -10 - DEG z )000
2:47 2' 2 2 0 XsDEG*0.0174532925
25::::1130 A=SNM)
26 : 240.2 E=10*A
27 250 IE(E)._210..alk2f21.0

:,28 '260. EzE*0.1
-270- WR 14F (6 .1591DEGTA itE

.30 '280 CONTINUE' .

31` -- 290 =
1.12 300 FORMAT file .T160 ASSUME FORWARD RES !STANCE z 1410 OF TOTAL CIRCUIT

R I STAMtE / Tj7.4REVERSE RESISTANCE = 9/10 OF THE TOTAL CIRCUIT,
RR ISTANCE°

aio 6.561
34 '320 DO -436 I=1.36

5 336 - OFG = ..091
36- .340 X=0EG*0.0174532925.

17 351- "A=t tN(X)
38- 360 ' 10*A
39 '370 ,p IF1E Math" V It400
40 380 EzE*0.1
' 390 GO TO 420

400 " E=E10.9
'3 410 GO TO 420-;/

44 , 420 'biR I TE (.6.150) DEG.)! .F
45 430 CONTINUE

. '46 440 STOP
47 END

E

.

PULS E_ECE.C.:TRON IC S.
THE OUTPUT ACROSS THFD(ODE.:0 A CL TPPVIG CIRCUIT. WI THA -SINE WAVE INPUT

.

INPUT 'VOLTAGE = "1 SIN( WT )

0

.

.



ASSUME

r.

= -

IDEAL DIODE

AhGLEING/ MOOT/ E OUT
10.00 0.1736481 1.736
20.00 0.3420201 3.420
30.00 0.4999999 ,

5.000
40.00 0.6427876 6.428
50.00 0.7660444 7.660
60.00 . 0.8660253 8.660
70.00 049/396925 4.397
80.00 0.9848077 9.848

ci '413.00 0.9999999- . , 10.000

100.00 0.9848078 9.848
110.00 .0.9396927 - 9.397.
120.00 - 0.8660256 8.660
130.00 0.7660447 7:660
140.00 0.6427879 6.428
150.00

.-: 6.5000.004 5.00D
s''

. 160.00 0.3420206 3.420
170.00 0.1736487 1.736
180.00 0.0000006 0:000
190.00

-
-0.1736475 0.000

200.00 0.000
210.00

=0'.1420194
. -0:4999993 0.000

2.20:00 - -0.642-7870 0.000
230.00 -0.7660439 40.000
240.00 -0.8660250 :0.009.

' 250.00
260.00

- 0.9396973
-0.9848076

, 0.000
0.000

. 270.00 -0.9999999 0.000
280.00 0 000
290.00

,-0,9844077
-0:9396976, 0.000

- 300.00 -0.866024: 0.000
.310.00

:4 -0.7660445 0.000
320.00 - 0.6427877- 0.000
330.009 -0.500.000i 0.000
340.00 ,t-004202Q1 Oi,000

350.00. -0:1736484 0,000
360.00 -0:0000063 0.000

\ `,.....
t'-., .,,,r .. ... : ......

-

._-ASSUME FOAKARQ-RESISIAKE= Jijo OF TOTAL CIRCUIT 8E5ASTANCE -
''',47. ,

ANtLE(DtG) /
. SINIMT) F 'OUT

t/

20.,4
o.ogo/

10.420201 3:4;f0
0.1736481

7

30:00

..
46.00

4

0.4999999
0.6427876
-0.7660444
0.8660253

5.000
6.428
7.660
8.660

*.00
/ 6N00
70.00

AQ.,..PC1._ .% _

0.9396925
0.9848077
0.9999999
0.9848078
0.9396927
0.9660256

9.397
9.848
10.000

, 9.848
9.397
8.660

.....__._

90,00
100:00
110.00

. 120.00
130.00
140..00

150.00
160.00
170.00
.1R0.00

0.7660447
0.6427879
0.5000004

% 0.3420206
0.1736487
0.0000006

6.478
7.660

5.000
3.402

0.000
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- 11
-0.173647:
-6.3420194
-004999993
'00647/870
-0.7660434
-6.eb6,0250

. mon -0.174
-0.342

20.00
220.0
230.00
240.00

-0.500
-0.643
-0.766
-0.866

250.00 4-0.9396921 -0.940
26000-, '-0.9841076 -0.085
770.0n -0.9949999 -1.000

-0.9e,p2077 -0.905
290.00. -0.9396976 -0.940
30000 -0.8660254 -0e866
310.00 -0.7660445 -0.766
370.011 -0.64278/7 .40.643.
330.00 :-0.5000001 -0.500

; 340.00 -0,3420201 .40.342

350.00 -0.1736484- -04174
_36o.on -0.0000003 -0.000

.ASSUME FORWAR0 RESISTANCt =
REVERSE. RFSLSTANCE =

1/10 OF TOTAL CIRCUIT-RFSISTANCE
9/10 OF THE- TOTAL CIRCUIT RESISTANCE

ANGLEIDEG1
10.00
20.00
30.00
40.00
50.00

SININTY
0.1736491
0.3420201
0.4999999
0.6427876
0.7660444

'E OUT
1.563
3.078
4.500
5.785
6.894

60.00
70.06
-0.04

0.8660253
0.9396975

7.794

. 8.457
0.9848077 8.861

90.00 0.9999999 I) 9.000
100.00 '0.9848078 8.863
110.00 0.9396977 8.457
120.00 0.8660756- 7.794
130.00 0.7660447 .6.894
140.00 0.6427879 i 5.785
150.00 0.5000004 4.500
160.00 0.3420206 3.078
170.00 0.1736487 , 1"1:563

180.00 0.0000006 0.000
190.00 -0.1736475 -0.174
700.00 -0.3420194 -0.342
210.00 -0.4999993 -0.500

' 220.00 -0.6427870 -0.643
230.00 -0.7660439 70.766
740.00 -0.86607'50 -0.866
250.00

. -0.9396923 -0.940
760.00 -0.9848076 -0.985
270.00 -0.9999999 -1.000
780.00 -0:9848077 -0.985
290.00 -0.9396926 -0.949..

300.00 -0.866Q754 -0.866
310.00 -0.7660445 -0.766
320.00 -0.6427877 -9.643
330.00 -0.5000001 -0.500
340.00 -0.3420203 -0.342
350.00 -0.1736484 -0.174
160.00 -0.0000003

288



FORTRAN 1V. PROGRAM TO CALCULATE BIASING RESISTANCE

'0001-
bno?
0003-
0004

RFAL*4.IC.13,IC1
-REA015,101 VCC,VCF,Vi1Fsr3FT4,1C,IC
(WRITF46.10) vcco/cF,vaF,4.tfA,Icilr.
..4.

10 FORMATI4ri0.2,2F15.7i
- -

0005 WRI.TF(6920)
.0006

r.

2) firMATI°19T1404:',T359KEI,T55,'RO,TI9OR1teT100,4R2.1

.c 00.1.00R TO 111^0E.IENT THE STAaILITYFACTOR(S)
C

'0007 117-R1:TA/I0.

0008 DO 100'J=5,4
0009 S=J

.c
1.0 irlOP T(1 !

C

0010 U0 100 1=501,5010,500
0011 RE=I .

--

C S=Ok-T41 IC /DELTA 1CO = I5FTA+1.111.4..413/RE//11.+BETA+RfOREI

X=RR/RE '. _

0012
0013,
0014"
0019'

X=IIIFTA4-1,./*11.-5) /(S-IaETA4.4.-0.

' Rt.1=XRE
1:1=(1C -. IC0814TA4-1.))/1'.ETA
1.0.4=I9t(AFICTEWIFTA+1,)) 1 VHF_ '

C. VTH=VCC4,12/(R1+R?)
C R3.t.-RTN=RISR2/1P1+R2/

,...

C , . t

C 50011% TOF,LAFT Tot? F01.1AtIONS SImOLTANEOA1Y YIELDS THE

C C FriLOWING rdk RI A%0 FOR R7 .,,-.7 7

0016
0011

C

R1=VCC*RB/VTH
R7=VT4tRI/IVCC-VT-11.

C

C F0K LARGE 9FTA,IC IS' APPROXI'lATELY = TO IF AND THE FOLLOWING

C- C. FOUATION'HOLDS
NI: , ---,-,- - - -C. -- _...__.

nola RL=IVCC-NCEUIC - Rh
0019 WRITT(6,50) SeRF,RI.,4107
0020 50 FORHATI$0',TIO.F6.3,T30,F10.79T50,F10 21T70',F15.21195.FIOM

0021 100 CONTINUF
0072 STOP
0023- ENO

VT11

Re :=RTN

289
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4

:FORTRAN IV. PROGRAM. FOR SQUARE WAVE SYNTHESIS,

. . - .

0001 DIMENSION X(64.29),L(29)141856 ),TIME(1856),TX(2)iTY(21iC291 a -

0002. 9 FORM4T POI 0 PERIOD = ' IPEli.4 I . .
..

-

-
0003 10 FORMAT (3Fi0.6) .:,

. . - .

0004 z 40 FORMAT (C1ILT9.120.22070.36,12,75.0i121764112,T78,12,T92.121 . '

CT107.12.fI21f12)
0005 1I FORMAT i 2( 1PE 14.41 )

0006 12 FORMA'T (4( 1PE14114).1 . ,

6007 READ (5,101 AMPL I. DCVAL, FREQ
0008 -- WRITE , (6.101 AMPLIs DCVAL, FREQ
0009 PERIOD = 1.0 /FRgo ..
0010 WRITE .(6,91 PERIO0
0011- T = Peltfib / 64.0

, ---__

0012 .
13 FORMAT is 01 p i TIME-INTERVAL IS' OPE11.4. ',woos, )__ . ......_ _.

0013 . -WRITE ( 60.1) T
_ .. -

c

'0014 INM=0:0 .

-0015
-

K=0 '

0016 :;,;7_ DO 30 N = 1,29. ._

0017 - - 7.4,.: L(N) =N
- .,

.

0010L
:'

_! ./' Ci:4 = AMPLI -4 ABS (S IN(N*3.44159/2.0 )/ (N*3.14159/ 2.0 ) 1

0019 . . '.. -DO 20 I = U64
'0020 " T INTVL = I*T

. -.....

ont . - TIME( 1 )=TIATVL .

0022. , ._ , ____Y(1.441 = ,Dcv4i + c t to_ * sp-icN*. 14159.2.9*T TNTVL /PER ION .

0073 OW+ I ,7 '

0024 .11 MEP( ) =K*T
.

,,

0025
0076 J
.0027
0028
0029
0030
0031
0037
0033
0034
0035
65:11,

NM If--N-1

:1F4(NM1) 20,20,18
18 Y(I0N) = Y(I,N) Y(I.NM1)

A.(19=Y( 10)%
20 CONTINUE

_CONTINUE
D6 25 J=1964

75 A(J)= Y(J,.1)
WRITE (6..40) ( I( N) 04=1,91

(6'021( (Y( IpJ 1.J= 1, 9)-,I= 1.64)
WRITE (6,40) 11.011k=10r18 _

WRITE 16i121( (Y(P0)...1=10,181,1= 1,64)
0037 'WRITE (6,40) (L(NI,N=19,27)
0038 WRITE (6,12) ( (Y( ha/v.144,27 ), I= .1,641'
0039
0040
0041
0042

0043 -#4:111

WRITE. (6,40) (1.(0,N.28,29)
__4RIJE (4,14)((m,J),J=28,29),I= 1,64)

WkIfE('6;12)(TIME(K3,K=1.1856)
WRITE (6.12) (A(K).K=1._18561

CALL CCP4SC (TIME.-34.0.1408,1pTX)
0044 CALL CCP4SC AAp8.0.1856.1,TY)

CALLCCPIPL (0o.0.51-3)
0046 CALL CCP5AX (0.6,0.0p1TfMEsp-4134.60.-6F-i-X) 7

0047 CALL CCP5AX _(0.616.0p_110418.0,40.0jIY)
0048 CALL CCP6LN (TIME,A0.4-0-8.1,TXpTi5 "--
0049 CALL CCPIPL (11.00.0p-3)
0050 TOP
0051 END

A
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SQUARE WAVE SYNTHESIS

CD 4

est

COO
('J ,

OO

k

;.

4

4

t

00'09 00'09 GO'Oh woe. oo 00'0h-

`ti
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.-
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SOLUTION OF THREENODE RESISTIVE CIRCUIT WITH ECAP
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FORTRAN IV. PROGRAM TO CALCULATE c4 AND PHASE ANGLE

C
C"

C

.C.

2

FPA W. 4 - RI siir.s "ITH Cl ,HTP.II 1(.:),IN t.1

FIJI 40. 2 - "1 S11S ...1TH Cl (.0T0HT AC') .SS 1,1

FOR:0 Nl. 3jA\1n PASS FILTE-P CIPCILIT--CAParIT:I0 INPI1T- C,APACITIP.-----

OUTPUT
01v.5NS1.4 F(150), OR(350)0(1( 12),- AN6C(15i)

10 La40(5,10),tN0=1P1,42,ClIC2,IN '

3 Too Pox,44r(71-10.2 t2I-1l. 1')

4 . N=1.

5 X=6.? .

6 OF = 0.0
.

-7 FR ='1.0/(X1R2*(2)
8 TX = 1.0/F;:
9 FL = ER/100.0

10 I-11 = FP -% 100.0
-11 FPC= 1.0/(X*RI*C.1)
17 TXC= 1.0/F1C

v .

13 ' FLC=F?C/I00.0
14 FHC=FRC* 100.0

.1.--.,. r, 1, 00,5
16 200 .I.NriNur

17 WR1TF(6,205)
19 205 FORMAT(' W.0 SW:Fs Fok1 IS AVA1LA6LF**= GO OIVI-LoPF YOUR

a IPPI:GRAk0)
19 STOP
26 3611 OUN117.^.1r---

C MIS CI:CUII IS IS A 1.... PASS NETWIR
21 WRIT!: (60:II) I,C1

22 201 F0AT(/' THIS IS C1kCoIT i-i..R4 NJ. ,I.',/ 6171F10.2, 1C1=1F12.41

23 WPITN-.01)
24 41 F0,CIA1(//0 121.WINCY ' XFCIICIS OrGREFS '11

25 OC 400 I = 1, .?.',0

26 F(1) = PLC.- OF
.27. ncml= ALJGIOIST(1.n*IF(11/1:711
28 . OR(1)
29 DF = OF 4- FLC4 5.n
,3(1 AN(a(1) =(-AT5AF(1)/FRC151.24
31 1F(F(1) .FJ.fliC) GO Tn tO
3? oRITE(o0a1)F(1)0(1),ANC.1(1)
33 301 rOPMATIFIS,I,F15.70.15.51
34 400 CONIIWC
35 G3 TO ft)
36 500 Co'NIINUE.

37 4 N = N+1
IF( 14 ?Or,b00,6.50

39 600 CJNITPUF
C THIS-(I'CuIT IS IS A HIGH ;.FT..icRK

40 \ WRIT(' (60021 1.1,C1
41 202 FCRAATI/4 TdIS IS CltCOIT j',/' =2='1-10.2, 1C?=1F11.'.0

42
43 00 6?c I =1,200 ,

44 F(I) = FL *

45 'OEXI=AL1(;10(S 17T (1.0+ (FQ /(:( I) lttql
46 =(-20)4FM?
47 OF = Or * FL-1, 1.0

43 ANG1.(11 = (*ATAN&I'R-7rTII/I*5/.2q
49. IFIF(1) u,. FH1 G.. 'Ti 10

50 oRITE(6,302)r(1) 10,(1),ANU(1)

.,

3Q2



4

1 .

51 -.302 FORMAT CP15.21F15.7ti15.51
52 625 CONTINUE
53 GO TO 0

5 650 CONTINUE
55 N .:N4.11;

... - I 56 -I' '4:W00;63-0,62U-
___

. ., 57 630 C.;,,IT IN. 1..----__

5'8. ----vilt rrE (61, n.ii-v-1_,--a.-2,c I ,-C2---

59 203 Ft...11i.oAT C/ I -4-.3100 i)t% cil.Tri: CI tCUIT - P0..01 Al. 3', /
Z' Rt=or13.2, oft-?.=-1$.1l. 2, 'C1= '1-17.9,

,

/ 'CZ4,1c15.91
._..,

61 00 750 I,. 1,235
-62---- --F = FL -4- Dt:

._ _ ___________ -

6; DF.Ai=r11.0T111;7(1.0+117/F I 1 , ) vg'? / / ,

64 Mill= ALO,G1J1 i )1- T ( 1 . otif ( I 1 /FRC ) :,--k I )

# 65 D1 +(1) = (ja.0)*DE11 + t-2'1.0)*Dh-al
6 7 ; --ANOLI I 1 -.1 (=h-T A N t g-rt i JP a:-11-4.- -SI AlA r;:i F1111 ) -x7-57:2 V---

67 Of . OF. .4.\ri. * 5.0
68 wtztIF (6,30,3 ) F II I ,OrkI 1 I 110..-ffrin-

69 303 f-JRM4T1F15\.2.F 15.7,115.5)
70 .. 750, CUNT 1(1(1E

71 42 Faitv.4T I /Jo FRU:UENry ..'gr I 'A FL `... r*E-GReFE S I 1 )

72 620 CUNT Ayg..... ,

. 73 1 STOP .\

74 .

SENTRY
\

THIS IS CIRCUIT FJkl NO. 1
-7'82= 10000.00C2= `0.000000001'

FREOUNCY.:-.-_' nECI EL5 OGPFcS

318.47 -33.9311 CO
159.'4 -40.0004 00

°893.1:(gg

'477.71 -30.4614 00 9,4.25779

636.94 -2 7 ..165.7 2 CO, \ 87.63520 . i

796.18 -26.0314300 .17.11357

. 955.41 -24.4525660 T 56.54251

1114.65 -21.1192400 ___\_ 85.')7111

1243.86-------:M.965T4W '\ 45.40251

1433.12 -20.9501831 \ , it4.t3385

1592.36 -20.04314 0 ' 94.25617

.1751:59 -19.21418 0 \ 413.,9958_
1910.83 -18.47345 0 \ '63.13411 t.
2070.06 -17.79391 1 82.57030
2229.30 -17.1617/0 \ 82.907i,
2388.53 .-16.57479t,0 81.44673 !:.;..

2547.77 -16702 0790 1 0.23,.! 74? --

2707.01 -15.51475 0 I 80.f32c7(0

1

Y8-6-6.2-4- =15.63303' fC -\--- -Pi. 77-40-

3025.48 -14.57814.3 79.2201,7

--Si-84.7r -14. I4973cl° 7-7T,-.--ra-3:-4'8"-- ----4

3343.95 -13.743030p 71.11 S66

3503.18 -13.3563101 1 77.57115
3662.42 -12.991310^ 77.0259'1

I621:6I ;12.6534101 76.4931 5
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t CHAPTER 9
FACILITIES, INSTRUMENTS AND EQUIPMENT

The impontance ptopeAty setecting equipment 40, the

:.tabotatay cannot be oven. - emphasized because the tab one o6'

the most impontant etements in the etectAonies cumicutilm. Calm-

icut consideAation must be given to t4bOrtatoity teaching techniques

_and_standaAdA, inctuding_e44ieient utitizatioA di taboAgtoky time

and equipment, 4et.4-teaAningmethodS; utection,TuAchase, and

maintenance c14 instAuments and equipment, and taboutoky 4acitities

4ot aquatity etecilLon.i.cs technotogy pkognam.

Included £n Chapte 9 aAe guidelines and suggestions 4ot the

seteetion o4 tabotatoty instAuments and equipment-with suggested

price ranges and minimum'speciiications. Because o4 inpo4tance;

scL sepaAate section c14 the chapter Ls devoted to thesetection c14

ithe--"student bench mcittoscope. Additionat mate, iaa o4 intetest

atist o4 technicat peAiodicabs and catatogs which pkovide

excellent souAce,6 keeloing up-to-date.

The cost of eqdipping a good taboutoky liacitity Ls expeipsive.

AA indicated £n the chap&t, the cost invotved in setting up a new

technotogy program wLU 'Lange nom apptoximatety $100,000 to

$175,000. AdminLstAatots and othemz tespoilsibte 104. attocating

Sundt must be cognizant on the cost4 invcttted and the quatity

inittumentis and equipmimt needed to achieve a quatity elecaanicz

jougnam. Because o4 constantly changing phices, new developments,

and inistitutionat /requirements, the 4,uggested prises and 4peciiiieation4

shoutd be used only 'a gene/tat guidetines.
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ff

'EQUIPMENT SELECTION

The laboratory is perhaps the most vital

.part of the electronics curriculum. The lab-

oratory is .where the student gets hand -on ex-

perience with equipment and instrumentation tech-

niques that he will be-using on the job. To have

good labeiitories requires careful and proper

consideration of curriculum objectives, specifi-

cations, cost, maintenance, obsolescence, and

relevancy to industrial standards..

OPIPMENT,,COST.AND CURRICULUM OBJECTIVES

The 16e1 of subject material covered in

thecurridulUmdictates to a high degree the

type-and-quality of instrumentation and equip-

ment needed in the laboratory. For example, in

a service program a less expensive oscilloscope

might be satisfactory as compared to a more ex-

pensive scope that might be required for pulse

and switching circuits.

Many schools have what they call a basic.

lab and an advance lab with cheaper yet satis-

factory equipment in the basic lab and better

equipment in the advanced lab. This division

generally results in first-year and second-year

laboratories which, may not necessarily be the

bemarrangement. A more logical division might

be a circuits laboratory and an electronics lab-

oratory, with additional laboratories as needed,

depending upon the number of students and option

areas.

The ETCD Project Staff and Steering Commit-

tee recommend that each laboratory station be

equipped with a minimum of equipment as shown in

Table I. Specifications for this equipment and

additional equipment are presented later in this

Chapter. Also shown with Table I is a typical

lab station at Parkland College.

The above equipment reflects a consensus of

opinions and are by no means the only items that

are needed. Also included in this table and in

following tables is a price range. Let it be

I

understood that-these figures are to be used

only as guidelines in the selection of equip-

ment and include the following considerations:

1. There is generally a direct relation-

ship_between the quality of-AUippent

and the cost.

2. The quality of'irogram is determined

.to a great extent by the quality of

equipment.

3. Equipment necessary to meet the-ob-

jectives of the curriculum can be ac-

complished if eqUipment is purdha;ed

in close approximation to the suggested

price range.

4. It is highly doubtful that these ob-

jectives can be 'met if less money is

consistently spent on equipment.

5. It is not necessary to always buy

the most expensive, if objectives can

be met by cheaper equipment. .

6. Equipment prices are constantly changr

ing, and therefore up-to,date prices

should be checked before purchases

are made.

Theme id no getting around the pubtem that equip-

ping a good eteetunica tabouto4y i4 expensive.

The price range is a guide that gives approximate

costs involved in setting up or modifying elec-

tronics programs and is included primarily in

this report to help administratorswith their

task of allocating funds.

When funds are unlimited, this may not be a

major factor of concern, but this is rarely the

case. Most institutions'are on a pretty tight

budget, and the cost of equipment is a determin-

ing factor in the selection of equipment for the

lab. For example, a measuring instrument should

be purchased that will be satisfactory, but not

at such standards that there will be no funds

left to purchase other vital equi.pment. It is

at this point that the instructor must calCulate



,

Quantity

.

.. .

.

ITEM Description. .

.

Price Range

. .

Dual-Trace Oscilloscope $1800 - $28001

. ,

. Function Generator $325 - $800

1 _Pulse Generator - -.080 - $550.

:1 Low Voltage Power Supply '$150.- mo

1 ,:

, .

Volt-Ohm-Milliameter $80 - $230

-/ TOTAL. - $4680

'TAME Suggested Equipment for Each Laboratory Station

oft.

---11

p

iy

-

Herer an electronics student at Parkland College demonstrates some of the laboratory equipment that

he uses. You are welcome to tour the electronics facilities at Parkland at any time. The elec-

tronics department is located in Science Annex I, 1615 West Springfield, Champaign, Illinois.
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cost versus budget. It is the instructor's ,re-
.

sponiibi4ity to decide whether a compromige can

be reached. As i.general rule, it is better to.

.complete equipment needs in one area rather than

to spread out too thin in all areas. By carefUl

planning, necessary equipment can be

completed over a period of time to coincide with

budget management.

An instructor must weigh the-cost factors

with the greatest care. He many need to release

some of his own selfish desires to purchase ex-

otic equipment that may be expensive and unique

for equipment that is more practical and benefi-

cial to Abe entire program. The instructor must

be _a-wise-buyer--bui this does not mean to'buy

inadequate-equipment.

Abe following three tables are suggested

equipment for two laboratory areas, each designed

for ten stations. Table II contains suggested

equipment for a circuits laboratory; Table III

for an electronics laboratory; and Table IV sug-

gests additional equipment for both lab areas.:

The lists do not include items for specialized

programs, facilities, or other supporting equip-.

ment_Such as hand tools', drill press, eta.

The total cost of equipping an electronics

technology program,exciuding facilities and

supporting equipment, ranges from approximately

$96,000 to'$176,000.

There are several ways that the cost of
. .

equipping the electronics laboratories can be

reduced without reducing the quality. It doesn't

require much analysis to realize that the labs

become expensive when a quantity of a particular

piece of equipment is purchased. The best meth-

od to redude the quantity and still retain the

quality can be realized through the open-lab

concept with individualized instruction. For

example, by using audio-tutorial met<ds and

keeping the lab open longer hours one could re-

duce the cost by at least half. This technique,

besides reducing the cost, can also increase the

effectiveness of the laboratory and provide the

student with more individual attention. These

and many more benefits might be gained by doing

away with the old traditional laboratory methods.

Other methods to consider in reducing costs .

are rental of equipment and the purchaie of used

equipment, Equipment needed for a short time

during the school year may be rented for nine or

ten percent per month. This allows for the use

of atete.-oli-the-ant equipment and may be a very

good method when quantity of a,particular piece

of equipment is.needed or when a very specialized

piece is needed. The other method of purchasing
4

used or even rebuilt equipment can result in the.

purchase of better quality than could otherwise

be afforded. .Also, considerable savings can be

realized by purchasing equipment.from industry

that is i6ed but still in very good condition.

EQUIPMENT SPECIFICATIONS -

To purchase satisfact, ry equipment requires

that the instructor be able to understand and

work with specifications effectively. To clear

all of the red tape that is generally necessary

and to receive the original equipment desired

requires that the specifications be written with

such precision that no lesser quality equipment

will be purchased. Table V presents general

specifications for the type of equipment desired

for this level of program. A later section.of

this chapter is devoted especially to the oscil-

loscope becaure of its importance.

The beginning student initially enters.the

program with little or no background in elec-

tronics. When he enters the laboratory for the

first time and begins to make measurements, his

skills and ability to measure correctly are

based upon his own innate or personal experi-
.

ences that he brings with him to the lab. How

good he will become at measuring and developing

the, skills necessary for the type of employment

he seeks will be primarily limited by the speci-

fications and flexibility of the instruments he

will use in the laboratory. The limiting factors

built into the instruments eventually become the

common denominator fur learning in the labora-

tory.
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Quantity

t

Description -

Price Range

lUnit Subtotal Unit Subtotal
. . .

10 .. Oscilloscope $1800 $18000 $2800 $28000

10 Function GeneratOr $ 325 $ 3250 $ 800 $ 8000

10 Pulse Generator° . $ 380 $ 3800 $,550 $ 5500:

20, Low Voltage Power Supply

1.----

$ 150 $ 3000 $ 300 $ 6000'

.

.. .

,t.,Vo\ \lt-Ohm-Milliameter
.

$ 80
. I

$ 800 $ 300 $ 3000.1

.

Digital 'Volt Meter _ $ 550 $ 1100 $1500 $ 3000

Electronic Counter $ 350 $ 700 2200 $ 4400

2 . RLC Bridge $ 450 $ 900 $ 800

. .

$ 1600 .

2 - Wave Analyzer $1800 $ 3600 $2200 $ 4400

2
.

X-Y Recorder
.

. $1800 $ 3600 $3300 $ 6600

1 - Vector Impedance Meter $1500 $ 1500 $3000 $ 3000

/ 2 Scope Camera. ,
. \

$ 350 .$ 700 $ 800 $ 1600

---

1 -Curve Tracer . $1700 $ 1700 $3100 $ 3100

TOTAL $11235 2650 $21650 $78200

TABLE II. Suggested Equipment for a Ten-Station Circuits Laboratory
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J

, .

, Quantity Description

i 91

Price ,Range
.

Unit Subtotal Unite Subtotal

10' OscillOscope i $1800 $18000 $2800 $28000
.

10 .

!

Function Generator

.

. $ 325 $ 3250
.

$ 800 $'8006:

10
I

Pulse Generator, . . $ 380 $ 3800 $ 550. . $ 5500,

r

.

'20

.

Low.Voltage Power Supply $ 150 $ upo $ 300 $6060:

10 . , olt.L.Ohm -Milliameter $ 80 $ 800 $. 300 $ .306=

. .1-

Digital Volt Meters
.

.

$ 550 $ 1100 $1500 $ 306A

2
:...

.

Eledtronic Counters .

.

.

$ 350
t.

$ 700 $2200 $ 4400

1 Transistor Curve Tracer , )1700 $ 1700 $3106 $.316rn

R-F Sweep Generators
.

' $1800 $ 9000
. .

$2500 $12500:

High Voltage Power Supply. 250 $ 1250 $50 , $ 3250;

.

1.

_

R-F Bridge . $1200' $ 1200 $1800 $ 800

. Distortion Analyzer
.

. $600 $ 600 $1500 $ 600

2

. .

Scope Camera $ 350 $ 700 $ 800 $ 1600:

TOTAL

ow

$9535

.

$45100 $18800 $80750

TABLE III. .Suggested Equipment for a Ten-Station Electronics Laboratory



r .

uantity

, .

/1

Price .Range .

Description Unit 'Subtotal Unit Subtotal

1 Tube Tester $350- $350 $600 $600

1 Transistor rester . $300 $300 $650 $650

2 , CapaCitor Tester - $ 50 $100 $100 $oo

.0
.

Mtcroamp Meter .

. .

$ 25 --$500. $ 45 $900

,

:20

.

. 1

Miliiamp Meter 4.25 $500 $ 45 $900
..

20

.

.1,

Galvdnometer
.

$ 25
.

$500" $ 50 *$1000

,20- Oscilloscope probes $ 15 $300- $ 50 $nob

,4
.

Watt Meters . .

.

$100 1500 $200 41000

;.

''',k?.

TkVM -°

.

$250 $2500

11

$550
, .

15500
_ .

60. - - Resistor Substitution Boxes $ 10 $600 $ 20' 1$1200

60 Capacitor SUsbstitution.Boxes
-_. .

$ 1Q $600 $ 20 . $1200

. ...

.

Small Componentsqleads, transistors,
g etc.)

$2000 -$2000 $3000 $3000

. .

.

/

.
TOTAL , $3160 48750 45530 $16550

TABLE IV. Suggested Equipment for Both Circuits and Electronics Laboratories
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There is within the specification of elec-

tronics equipment a minimum or lowest standard

that will meet the oujectives of the curriculum.

The,in*tructor should knOw the approximate price

range and also the minimum specifications that

the dollar-will buy and purchase equipment based

on thistnowledge. The instructor should not be

4 confused because of the wide price range that

exists for any given instrument, nar,should he

listen only to company representatives.
-

The

proper selection of equipment requires careful

conSideray.on from many different angles.

The only sure way-to kno w a piece of

&at will function is to try t.out. However,

4 this is not always possible,. and the instructor

must rely on his ability to work with specifica-

tionsi It is a good idea to compare the speci-

fications and prices of several different makes,

and then make a logical decision on what will

best-suit your needs with all other things taken

into consideration, Inmther words, an't -buy

an elephant to'patt a date buggy.

EQUIPMENT OBSOLESCENCE AND MAINTENANCE

The laboratory equipment is the-keystone of

the electronics curriculum, and careful thought

should be given to the selection of equipment.

When purchasing equipment, it should be kept in

" mind that it is expected that it will probably'

be used, or several years. With this in mind;

the instructor should look ahead and try to an-
,

ticipate the future needs. There is no sure way

of protecting against equipment becoming obsolete,

but it is pos'sible to purchase equipment that can

be used for several years.

The maintenance and repair of equipment is

another area that deserves careful consideration

when.purchasing equipment. Most equipment will

eventually require repair, recalibration, or even

replacement. Poor quality equipment can result

in costly repairs that will eat up the budget.

It is better to spend more for a piece of equip-

ment initially than to' have maintenance expenses

later.

.

%
Experience -i_s probably the best source for

not buying equipment that is prone to break down:

The next best source is from other instructors

and people working in the field; they can soon

tell you the problems that they have had to deal

vith on various instruments.

In the maintenance of equipment, it is quite

important that you be able to obtain replacement

parts. Too many times it is very difficult to

obtain repairs. It may be well to stay with man:-

ufactorers that will provide this very important

service.

There are a number,f<fays to deal will the

maintenance problem. Three of the most common '

an
I//

are listed below, anong with the advtages' and
,

disadvantages that will be found. with each.

Contracting on Retunning .to kiginue Manuliactutek

Returning the instrument to the original
. , ,.. man-

ufacturer is one of the most widely red by newly

developed. programs. It does afford the school

some advantages.

ADVANTAGES:

a. Ensures a thorough job when a guarantee

clause is possible.

b. Does not require school to purchase expensive

calibration equi- ent.

c. Educational inst ution does not have to ob-

tain schemati

DISADVANTAGES:

a. Cos$ factor may be high (siso.o, /min. for

calibration of scope).

b. No local compile), available flrepairs.

c. Shipping cost may be relativky high.

d. Time required to send and tetup may involve

a number of weeks.

e. Shall the, equipment be sent in for only major

repairs? What about minor repairs and ad-

justments? /

Hixing a Fute-Time Technician

The problem of maintenance and repair can be

resolved by hiring technician on the staff.
5

This does offer a more oropriate solution to

the problem.

or calibration mafivals.
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ADVANTAGES:

a. No time delay.in getting the equipment

worked on.

b. Equipment can always be in constant repair

and regular calibration periods maintained.

C. Relieves instructor of responsibility of

determining if instrument is in need of re-

pair and what must be done..

'DISADVANTAGES:

a. Facilities may not be large enough to war-
,

rant a full-time technician.

b. A technician must be trained in many dif-
.

ferent types of manufacturing electronic

apparatuses.

c. Cost of purchasing expensive calibration

equipment is required.

d.lepair parts must be kept available.

e. Cost of sending technicians to industrial

manufacturing training programs will be

necessary.

LabInothuctoA with Student A46i6t4nce

This method of providing for the maintenance

problem can' bring about the following advantages'

and disadvantages.

°ADVANTAGES:

a. Staff member is also used in teaching some

courses.

b. Gives employment to students in the elec-

tronics program, providing them with addi-

tional experience. .

F. The instructor becomes familiar with cir-'

cuits found in the instruments.

d. Extra pay for staff members.

DISADVANTAGES:

a. Students may not have proper background and

qualifications to be of any assistance in

repairing these elaborate circuits.

b. Instructors may not be justly compensated

ti for repair work by reduced loads of financial

- remuneration.

c. Must purchase expensive calibration equipment

to maintain proper instrument standards.

d. Instructor will'need training by manufactur-

Each of the methods discussed must be evalu-

ated to determine the most economical and satis-

factory solution. The hiring of a technician

relieves the instructor to the primary task of
.

teaching and not concern or worry as to whether

the equipment will be in functional order during

the next lab session. With each of the other twig

solutions the instructors will be more involved.

IC the equipment is sent out,for relpairs,,the in-

structor will be responsible for its shipment and

return. With more than one instructor within the

faculty their efforts must be coordinated--they

can develop a conflict as to who is responsible

for this task. The problem of finding students

to perform repair work at very low wages can al-

so prevent this method from getting the equipment

in proper working order. The'instructor who has

been made responsible for this task may not be

able to maintain the equipment to meet the re-

quired standards of the other instructors. This

can also lead to conflict within the department.

When the factors are all considered, the

most logical solution to the problem for the in-,

structor is to hire a technician. Burif the

facilities are not laige enough to occupy the .

full time of such an individual or he cannot be

given some courses to teach, then other curricu-

lums with a joint effort might be a means pf re-

solving the justification for a full-time repair

technician. If a technician cannot\be found

with the proper qualifications to be hired, then

the alternative of the other two rust be selected.

The instructor should p^t be required to re-

pair equipment. His responsibility is to help

the student, not to repair equipment'. With a

normal teaching load the instructor does not have

enough time to fix equipment. Whenever equipment

is purchased, the upkeep and repair and replace-

ment of equipment should be included in the bud-

get.

INFORMATION SOURCES FOR 'EQUIPMENT

The selection of equipment also requires

that the Astructor know where to look for up-to-er in newly purchased equipment.
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date equipment. The following is a partial list

of sources for equipment, instruments, components,

etc. Also'included in the next section is a list

of periodicals, many of which are free, that are

very good sources for the electronics instructor.

Attied Catatog
100 No. WesternAlenue
'Chicago, Illinois 60680

Etectkonic4 BuyeAV Guide
McGraw-Hill
330 W. 42nd Street
New York, N. Y. 10036

Etectunic EngineeW Maatek
$20.00
United Technical Publications, Inc.
645 Stewart Avenue ". -

Garden City, N. Y. 11530

Eteetkonie Di6tAibuting 6 Ma/dating
$10.01fIdi 2 years
Electronic Periodicals, Inc.
33140 Aurora Road
Cleveland, Ohio 44139

Eteetkonie Induatny Telephone ainectvny
$6.00.per copy
Electronic Periodicals, Inc.
33140 Aurora Road
Cleveland, Ohio 44139

Etectnoni.c Source Pueunement
$20.50 per copy
Electronic Periodicals, Inc.
33140 Aurora Road
Cleveland, Ohio 44139

TECHNICAL PERIODICALS
I .

Bell LI iboratories Record

M.* $2.00

Bell Laboratories
463 W6t Street
New YOrk, New York 10014

..Bell System Technical Journal

10?Yr.* $15.00

American Telephone and Telegraph'Company
195 Broadway
New York, New York 10007

Bell Telephone Magazine

Q. Free to Qualified Personnel

Public Relations Department
'A T & T
195 Broadway
New York, New York 1007

NOTE: Prices listed are for informational

purposes only.
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Faiiiehitd Semiconducton Integrated C4Aetat
Data Catalog 0-
313 Fairchild Drive
Mountain View, California

Heathhit Catalog
Benton Harbor, Michigan 45022

Inda4tniat Catatog.
Allied Electronics
2400 W. Washington Blvd.
Chicago, -Illinois 60680

InduatAiat Eteettonic4 Catalog
Newark Electronics Corporation
40 No. Pulaski Road
Chicago, Illinois 60624

La6ayette Catalog
111 Jericho Turnpike
Syosset,' L. I., New York 11791

McMaatert-Cam. Catatog

P. 0. Box 4355
Chidago, Illinois 60680

Peeved Semiconductou and Components
Catalog
Texas Instruments
P. O. Box 5012
Dallas, Texas 752k2

The Radio Etectunie Maatek
United Technical Publications; Inc.'.
645 Steward Avenue
Garden City, New York 11530

Communication and Electronics

Bi-M. $8.00

American Institute of Electrical Engineers
345 East 47 Street
New York: New York

Control Engineering

M. $3.00

McGraw-Hill Publishing Company
330 W. 142nd Street
New York, New York

(The) Demodulator

. Free

LenKart Electric Company
San Carlos, California 94070

Bi-M. - Bi-Monthly
M. - Monthly
Q. - Quarterly
Yr. - Yearly



Digital Newsletter

Free

Digital Equipment Corporation
Maynard, Massachusetts 01754

DuPont Innovation

Circulation' Department
DuPont Building
Wilmington, Delawai.e 19798

E. E. Digest

Bi-M.

American Institute of Electrical Engineers
345 East 47 Street
New York, New YOrk

CV

9

Educational Research and Methods

The American Society for Engineering Educ.
Oklahbta State University
Stillwater, Oklahoma 74074

Electrical Communication.

Q. $2.00

International Telephone and Telegraph
320 Park Avenue
New York, New York 10022

Electrical Construction and Maintenance

M. $3.00

McGraw-Hill Publishing Company, Inc.
330 West 42 Street
New York, New York 10036

Electrical Design News

M. (except June, October and November when
two issues are published). Free to

Qualified Personnel. Others $10.00

Rogers Publishing Company
3375 South Bannock
Englewood, Colorado,80110

Electrical Engineering

M $12.00

American Institute of Electrical Engineers
345 East 47 Street
New York, New York

Electronic Age

Q. "Free

Radio Corporation of America
30 Rockefeller Plaza
New York, New York 10020

Electronic Design

Hayden Publishing Company
850 Third Avenue
New York, New York 10022
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Electronic Industries

Chilton Phlishing Company
401 Walnut Street
Philadelphia, Pennsylvania 19106

Electronic Instrument Digest

M. $imo

Milton S. Kiver Publications, Inc.
222 West Adams Street
Chicago, Illinois 60606

Electronic News

M. $3.00

Fairchild Publishing Inc.

7 E. 12th Street.
New York, New York 10003

ElectrOnic Packaging and Productions

Milton S. Kiver Publications, Inc.
222 West Adams Street
Chicago, Illinois 60606

Electronic Products

United Technical Publication, Inc.
Division Cox Broadcasting Company
645 Stewart Avenue
Garden City, New York 11530

Electronic Technician

M. $5.00

Ojibway Building
Duluth, Minnesota 55802

Electronic Technology

Free

Lab-Volt Educational Systems
Division of ,Buck Engineering
Farmingdale, New Jersey 07727

Electronic Trader

Bi-M.

Electronic Periodicals, Inc.\
33140 Aurora Road
Cleveland, Ohio 44139 ,

Electronics

M. $6.00

McGraw-Hill Publishing Company
99 North Broadway

Electronics Illustrated

Bi-M. $2.00

Fawcett Publications, Inc.
67 W. 44th Street
New York, New York 10036
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Electronics New Product Preview

Publishing Company
330 W. 42nd Street
New York, New York 10036

Electronics World

M. $5.00

. Ziff-Da blishing Company
Avenue

New York, New Ydrk 10016

yr

Engineer.

Q..$2.00

Engineers Joint .Council
345 E. 47th Street
New.Yorkl.New York 10017

Engineering Bulletin

Q. Free

Motorola, Inc.
Military Electronics Divisibny
8201 E. McDowell ROad
Scottsdale, Arizona 85252

Engineering Education

M. $16.00

American Society for Engineering Education
Suite 400, One Dupont Circle
Washington, D. C. 20036

Engineering Opportunitiew

Press Tech. Inc.
2211 Fordem Avenue
Madison, Wisconsin 53701

Fairchild Semiconductors

313 Fairchild Drive
Mountainview, California

General Radio Experimenter

M. Free

General Radio Company
22 Baker Avenue
West Concord, Massachusetts 01781

Hewlett Packard Journal

Free to Qualified Personnel

Measurement News
Hewlett Packard Company
1501 Page Mill Road
Palo Alto, California 94304

IEE Student Journal

5/Yr. $12.00

Institute of Electrical and Electronics
Engineers

345 E. 47th Street
New York, New York 10017

Industrial Research

Industrial Research.Inc.
Industrial Research Building
Beverly Shore, Indiana 46301

Instrument and Apparatus News

Bi-M. $10.00

Rimbach Publications,
845 Ridge Avenue

. Pittsburg, Pennsylvania 15212

Instrument,s and Control Systems

M. $4.00

Rimbach Publications
845 Ridge Avenue
Pittsburg, Pennsylvania 15212

Instrumentation

Q. Free

Honeywell Industrial Division
1100 Virginia Drive
Fort Washington, Pedresylvania 19034

. Instrumentation Technology

M. $4.00

Journal of the Instrument Society,.
of America

530 William Penn Place
Pittsburg, Pennsyl .nia 15219

Instruments and Automation

Instruments Publishing Company
845 Ridge Avenue
Pittsburg, Pennsylvania

Insulation

M. $13.50

Lake Publishing Company
311 East Park Avenue, Box 270
Libertyville, Illinois

Junior College Journal

M. (September-June) $4.50

American Association of Junior Colleges
One Dupont Circle, N.W.
Washington, D.C. 20036

Microelectronics and Reliability

Q. $40.00

Pergamon Press
122 E. 55th Street
New York, New York 10022

Microwave Journal

Horizon House-Microwave Inc.
610 Washington Street
Dedham, Massachusetts 02026



Occupational Education Bulletin

Free

America!)_Association of Junior Colleges

One Dupont Circle, N.W.,
Washington, D.C. 20036

photofactlieporter

M: $5.00

'Howard W. Sams and Company
4300 W. 62 Street
Indianapolis, Indiana

Popular Electronics

QM. $5.00

Ziff-Davis Publishing Company
1 Park Avenue
NeW York, New York 10016/

PoWer Apparatus and Systems

Td-M.-$5.00,;

American Institute of Electrical Engineers
345' East 47 Street

New York, New York

RCAReview

Q. $2:60

RCA_ Laboratories
Princeton, New Jersey

-Radio-Electronics

M. $4.00

. Gernsback Publications, Inc.
Firry Street
Concord, New Hampshire. 03302

Semiconductor Applications

General Electric Company
Distribution Services
1.River Road
Schenectady, New York 12304

Semicpnductor Products and Solid State

Technology

M. $10.00

Cowan Publishing Corporation
14 Vanderventer Avenue
Port Washington, New York 11050

t
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Semiconductors

Box 20912
Phoenix, Arizona 85038

Solid State Design

Free to Qualified Personnel

William Bazzy
610 Washington Street
Dedham, Massachusetts

Solid State Electronics

Pergamon Press
122 E. 55th Street
New York, New York 10022

Technical Education

$7.25

P. O. sox 1616
Riverside, New Jersey 07075

TeChnicallducE;tion News '

Q. Free

McGraw'Hill Publishing Company
330 W. 42nd Street
New York, New York 10036,

(The) Technical Education Press
11

P. O. Box 342
Seal Beach, California 90740

Technology'Review

M. (November-July) $4.00

MSsachusetts Institute of Technology
Cambridge, Massachusetts 02137

Tekscope.

Free

Tektronix
P: O. Box 500
Beaverton, Oregon 97005

Westinghouse Engineer

Bi -M. $2.50

3 GateWay Center
Box 2278 .."/

Pittsburg, Pennsylvania 15230
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THE STUDENT BENCH OSCILLOSCOPE

INTRODUCTION

The most crucial decision to make in the

fdection. of equipment for the laboratory is with

the selection of the student bench oscilloscope.

The following discussion is intended to clarify

the significance of many of the technical terms

that are used to describe oscilloscopes. The

. proper selection of a scope requires a clear un-

derstanding of the relative importance of difflt

erent features that are available. (For oscill-

oscope specifications see page 312.

PLUG-IN,UNITS

Choice of an oscilloscope is determined lar-

gely on considerations of both performance capa-

bilities and versatility. Versatility is greatly

increased if the scope has plug-in capability

that allows for different operations to be per-

formed by simply using an appropriate plug-in.

Also, performance capabilities can be updated as

new plug -ins become available.

The oscilloscopes that are purchased account

for a considerable part of the funds that are in-

vested into equipment. Because oscilloscopes are

a capital outlay and will be with the program for

along time, maintenance, obsolescence, and flex-

ibility.are very crucial considerations. As in-

dicated, obsolescence can be delayed and flexib-

ility increased by scopes that have plug-in units

Another major advantage with scopes that have

plug-in units is the benefits that are gained in

maintenance. When two or more plug-in units with

the_same function are available, the easiest way

to isolate trouble is to replace the plug-in units

one at a time until proper operation is restored.

The faulty unit is isolated as not functioning

properly and can be repaired. To aid in the

trouble' shooting of a plug-in, an extension plug-

in may be available that will allow the unit to

operate while being extended out through the

front of the oscilloscope opening. If changes

0

in theplug-in units does not correct the prob-

lem, the main frame portion of the scope is

probably faulty. The use of plug-jos greatly

decrease maintenance time.

Plug-in oscilloscopes allow a very wide

variety of wsasurements that can be made with

one oscilloscope. By simply, changing the

tical and horizontal plug-ins, bandwidth, sen-

sitivity, number of channels, time-base, etc.

can be changed to meet the needs. For example,

one four-trace amplifier plug-in could make all

compatible scopes into a four-traCe scope-, There

is, need to invest a lot of money in oscillo-

scopes that have wide capabilities if those fun-

ctions that increase the price are only used

once in awhile for special applications.

BANDWIDTH

Bandwidth and sensitivity of the vertical

amplifiers are the primary characteristics which

describe how the scope will perform. Wide band-

width is obtained at the expense of more compli-

cated circuitry. For example, a 50 mhz scope

will cost maybe twice as much as a 10 mhz scope.

A decision must be made regarding what the requi-

red measurements that will be performed in the

lab. For most applications, a 10 mhz scope

would probably be satisfactory. If occasionally

wider bandwidth is required, perhaps the necess-

ary plug-ins could' purchased or maybe a spec-

ial purpose scope.

Scopes used for measuring frequency respon-

se must be selected carefully to insure accurate

readings. The bandwidth of a scope is usually

specified by the upper and lower frequencies

where sine wave response is down 3 db from the

reference frequency. When only one number is

given in the specification, it is taken the

upper frequency. Outside of this range, a scope

has limited usefulness because the measurements

errors increase rapidly,
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The quality of a wideband scope is Often

specified by risetime. Risetimeis the time of

transition between 10 and 90 percent of the am-

plitude of a step signal. Accuracy of measure-

ment-decreases when a scope must indicate the

risetime of signals which, rise faster or nearly

as fast as its amplifier. Ri!,etime is of prime

importance when making pulse measurements and is

generally a good indication of relative bandwidth

In general, faster risetime means greater band-

width in the direction of higher frequencies.

For fairly accurate readings of risetime, the

scope should be about 5 times faster than the

signalto be measured." In this case, the rise-

timeof,thesignal as displayed on the--scope will

'only be,inerror about 2 percent as compared to

a scope that is 2 times faster with an error of

about 11 percent. Scopes which have a risetime

equal to the fastest rising signal applied may

be adequate de ding upon the accuracy'desired.

Both ri time, and bandwidth are closely re-

lated. The product of risetime and frequency.re-

spohse s ouldbe' a value between 0.33 and 0.35

when transient response is optimum. Factors lar-

ger thafi 0.35 - probably indieite overshoot in ex-

cess of 2 percent-and those larger than 0.4 in-

dicate overshoot in excess of 5 percent. Over --

shoot or ringing can be a problem when fast step-

Agnals are applied.

,SENSITIVITY-

As previously indicated, bandwidth, risetime

and sensitivity are prime factors in determining

the selection of a scope for a particular labor-

atory. High sensitivity requires more amplifier

Stages and some bandwidth must be sactificed be-
,

cause of the greater background noise associated

with wideband, high-gain amplifiers. High sen-

sitivity simplifies lab-set-ups if you are try-

ing to measure transducer outputs. The trans-

ducer outputs can be connected directly to the

.scope.

SWEEPS

Somilab investigations will require fast

sweeps and others slow sweeps. It is obvious

that an oscilloscope with the widest range of

sweeps would be the most versatile. The scope

however is used because of its capacitvto be

used as a high speed device, and very slow sweeps

have only limited use. High frequency scopes,

seldom have sweeps which are fast enough to dis-

play one cycle of the upper passband frequency

across the full horizontal scale. If a scope

can meet this requirement, it is usually con-

sidered adequate.

The scope.should'have a continuous cover-

age of the total range of sweep speeds. A

scope should have each stepped change in sweep-

timed division a small change-ratio. This per-

mits any time measurement to be made over a

large portion of the horizontal scale.

Another desirable feature is sweep mag-

nificatioi and delay. This feature is quite

useful when you want to display trace segments

-which occur too late in time after the start

of the trace to be examined with faster sweeps.

Such waveforms can be viewed but if the period

of the waveform is short compared to the per-

iod of, a full sweep, a very close examination

may not be possible. The need to expand "the

trace for this time interval is quite obvious.

The c'implest way to do this is to increase the

horiital gain to spread out the waveform such

that the desired portion is left on the screen.

Another way is to actually nerate.delayed

sweep triggering signals so that the sweep may

be triggered just prior to the time when the

signal to be examined occurs. Calibrated sweep

delay can provide some advantages over ordinary

sweep magnification such as:

Greater ratios of effective magnification.

Elimination of "time jitter" or "time drift"

of displayed waveforms.

Greater accuracy of time-interval measure-

)nents between waveforms.

Better long-term accuracy of the displayed

time-base.

Calibrated sweep delay increases the cost of a

scope but is well worth it.
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VERTICAL AMPLIFIER

The vertical amplifierin a scope should al-

'16W far voltage measurements to be made with at

least 4"3 percent accuracy. The scope should

have d-c coupling so that waveforMs of slowly

varying.signals can be displayed and also ow

or a d-c reference, line to be estab ecl. For

example, in vacuum tube circui , the levels

the plate or screen voltag s swing when signals

'are applied. Als -c coupling is desirable to

voltages that might drive the whole

display off'of the screen.

, Another essential feature of the laboratory

general purpose scope is the provision for two

signal channels.. Dual-channels provides for a

comparision study of two signals, Such as phase

measurements or a comparision of.an amplifier's

eutput,signal versus its input. Dual - channel

operation can be obtained either by what is known

aS.alternite mode and chopped mode. The altern-

ate mode-method allows for a single beam in the

:_circuit to electronically switch between sweeps

so that the waveform of one channel is displayed

during one sweep, and the other waveform is dis-

played on theinext sweep. With chopped mode op.;
,

eration the switching occurs rapidly and both

channels are displayed during one, sweep. This

method is used for low-frequency waveforms which

otherwise would flicker with alternate sweep

presentation.

In some applications the dual-beam scope may

be necessary to use rather than dual trace, This

type of scope has a circuit that produces two

electron beams and allows for single-shot obser-

vations of events that are too fast for chopped

mode operation.

°their. Facto la

Nice, but not necessary, i,, a beam finder.

The beam finder reduces the gain of both horizon

-tal and vertical amplifiers while at the same

time brightens and defocuses the trace so that

regardless of the settings of the scope, the

trace is brought on the screen.

To prevent the scope from loading a circuit,

the impedance of the circuit impedance being

measured must beade ! 1 fraction of the input

impedance of etcope. The input impedance' s.

not-the e at all frequencies' and is specified

b input resistance and input Capacitance. To

Aminimize loading, the input impedance should be

as high as possible. Passive attenuator probes

will help to reduce loading and are al) essential

accessory to consider when making.the purchase.

The absence of probes can lead to.many unwanted

problems.

.INTERPRETING SPECIFICATION$

Interpreting manufacturers' s

requires the understanding of the

BandividA'r Of-an oscilloscope, t

between the upper, and lower freque

the voltage or current response is

of the response a;s,he reference fr,
,

Usually, both upper and lower limit

are specified rather than the differ

them. When only one number appears,

as the upper limit.
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fr-

pecifications

ollowing:

he difference

ncy at which

.707 (-I db.)

equency

frequencies

ence between

it is taken

Chopping TAanzietit4Manking - The process of

blahking the indicating spot during the

ing periods. in cLopped display operation

switch=

Common-Mode Signa - Theinstantane)us algebia-

ic average of two signals applied to abalanced
circuit, both signals referred-to a common

erence.

Conventional Mode - That-MOde of operating

storage tube II/here' the display does not stor

ref-

a

e

but performs with the usual phosphor luminance

and decay.

Deflection Btanking - Blanking by means of a

deflection structure in the cathode ray tube

electron gun which traps the electron beam in-

side the gun to extinguish the spot, permitting

blanking during ratrace and between sweeps re-

gardless of intensity setting.

Degectien Factors - The ratio of the input sig-

nal 'amplitude to the resultant displacement of

the indicating spot (for example, volts/divi-

sion).



-Decay Pickodli - A means of providing an output.

Signal when a ramp has reached an amplitude

'corresponding to a certain length of times(de-

lay interval) since the start of the ramp. 'The

output, signal may be in the form of a pulse, a

-gate, or simply amplificatioh of that'part of

. the ramp following the pickoff 4

t / 1

0e44yed-SWeep!- A sweep that has been elaied

either by a predetermined period, or by a peri-

'ed determined by an additional independent vari-

able.
4 ..

Vtia4 Mace' - A multi -trace operation in which

a-single beam-in a cathoderray tube is shared

by twb-signitl channeli:. See alternate displaY,

choOped-display, and multi-trace.

Gau64nn-Re4pon4e. kiparticular frequency re-,-

spOnse.characteristic following the curve

i-af2
Y(f) Typically, the frequency re -

sponsp-aproached by an amplifier having good

,,,,.-transient response characteristics.

Input RC Cluputetvtiatic.4 - The DC resistance

and parallel .capacitance to ground present .at

the input of an oscilloscope.

Jitteh - An al;eriat,.on of arepetitive display

indicating instability of the signal or of the

oscilloscope. May be random or periodic, and

is usually associated with the time axis."

Magnified Sweep - A sweep whose time per divi-

sionhas'been decreased by amplification of

the sweep waveform rather than by changing the

time constants used to generate it.

Mixed Sweep - In a'system having both a delay-
,

ing sweep and a delayed sweep, a imams of dis-

playing,the delaying sweep to the point of de-

lay pickoff and displaying the'delayed sweep

beyond th0..point.

Multi -TAace - A mode of operation in which.a

singlebeam in a cathode-ray tube is shared by

two or more signal channels. 'tee dual trace,

alternate display, and chopped display.

4.4

Rebotution - A measure of the total number

of trace lines discernible along the co-

ordiczete axes, bounded by the extremities of

the grattcule or other specific limits:

Raetime -.Idthe'display of a step function,

thejnterval between the.time at which the

amplitude first reaches specified lower and

upper limits. These limits shall be 10% and

90% of the nominal or"final amplitude of the

step, unless otherwise stated..

at Detay - In an oscilloscope, the time

required fin a signal to be transmitted .

through a channel or portion of a channel.

The time is always finite, and may be un-

desired, or may be purposely introduded as

in a delay line.
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-
SUGGESTED ADJUSTMENTS TO THE FOURSEMESTER ,PROGRAM

GENERAL CONSIDERATIONS

.The development activities of the ETCD
f

Project were directed more to the six-quarter

programs for the Electronic Technologies than to

the four-semester programs. The adjustments that

are necessary to convert from the quarter plan

the semester plan were'considered less°severe

than doing the development work on.the semester

plan. and, then making the necessary adjustments to.

the quarter plan.

The ETCD Project personnel are of the opinion

that adjustments and clianges are more of a

P philosophical nature than anything else. In other

words, if one accepts the philosophy and objec- .

tives of an INTRO course; if one accepts the

concept of spin-off programs; if one accepts the

sequence of courses in Cifccuit Anaty66 as a

package;, and if one accepts the sequence of

.courses in the Fundamentath g6 Eteetnonic4 as a

paCkage, then adjustments and,changes within an

established curriculum are quite easil;, implement-

ed. Similarly, 'adjustments from a quarter plan

to a semester plan are ttten easily implemented.

FLOW CHARTS FOR BOTH,QYARTER AND SEMESTER PLANS

The flow chart for the bix-00-one-courtes--

is shown in Table I for a six quarter plan and

in Table II for a four-semester plan. For

simplicity of discussion, other courses of each

curriculum are omitted.

Observe, first of all, that the seven

courses have the same identity (by title) in

either the quarter plan the semester plan.

In the semester plan, as compared to the quarter

plan, the sequence of 'the three courses in

Cifccuit Anatoi4 and the sequence of the three

courses in the Fundamentas o6 Etectnoia start

in the first semester and the second semester,

respectively.

Now, let us direct our attention to:the

semester plan and examine/the possible adjust-
.-

rents that need to be made, recognizing that the

more ideal sequence and integration of the bix-

ptuz-one courses exist for the quarter plan.

These adjustments are discussed for each,semes-

ter, rather than for each of the seven courses.

ADJUSTMENTS FOR THE FIRST SEMESTER

The Intuduction to Etectnonich Technology

(INTRO) course and the Rebibtive Cihcait6 course
ft

are both scheduled in this first term. The

adjustments that are needed to attain an appro-

priate sequence are itemized along with

supporting philosophies.

a. Don't be in a hurry to get started with an

analysis of Resistive Circuits for about

the first four to six weeks. Avoid the

mathematical process - even Ohm's law - in

these early weeks.

b. For the first four to six weeks, use the

time that is scheduled for both courses

(INTRO and Resistive Circuits) to colleen-
.

trate on the invented poamid concept of

the INTRO course.

c. Following_the getting-started\Feriod, the

time that isscheduled for the NTRO course

is no longer used for the .rove ed poamid

approach to the first course ilAlectronics.'
1

Two alternatives now exist for the curriculum

planning. One, is for all students to:ton-
/

tinue with tyro-year programs. The other

alternative (recommended) is to implement

a one-year certificate program on the spin-,

off concept. (Note: Refer to the last sec-

tion of this chapter for details of imple-

mentation as presented by Professor Neal

Voke, Chairman of the Electronics Department,

-Triton College.)

d. The analysis of Resistive Circuits starts

in earnest after the first six-week period.
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Table I: The Six-Plus-One Courses for a Six-Quartei Program (Refer to Chapter 1 for

complete programs).

First Quarter '

Sedond Quarter

Third Quarter

Fourth Quarter

Fifth Quarter

INTRO _Course.,

Resistive Circuite"

STC Ci cults

i
Networks

Resistive Electronics

Pulse Electronics

$ 0

Advanced Linear Electronics

Table II: The Six-Plus-One Courses for a Four-Semester Program (Refer to Cfiapter 1

for complete programs)/

Frisl Semeste

Second Semester

Resistive Circuits 10.--08. INTRO Course

%Nlik f
Circuits1, Resistive Electronics

Third Semester Networks Pulse Electronics

N%81 I
Advanced Linear Electronics
4

Fourth Semester=

v.

ADJUSTMENTS FOR THE,SECONV SEMESTER

'The two subjects- of Singe-Time-Con4tant

(STC) CiAcuit6 and ReeLstive EZect.Aora,c4, that

are scheduled for the second semester, will

require very. little if any adjustment. Subject

,matter coverage will proceed a little more

slowly in a second semester than in a third

quarter. The i'ew,adjustment4, that may be

necessary are now itemized.

a. In the STC Cincuits course, there may be

time availab1e toward the anakof the term to

include a few topics that would normally be

Netwods. The.topic of resonance in

series circuits and perhaps parallel circuits

could be initiated here. Or, perhaps some

work on three-phase systems could be done.
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b.

-) ../4

, .I.

There are a number of possibilities. Even so,

no harm has been done if extra topics are not

'covered.

The subject of Rezistam.ElectAoniu, just as

recommended, can be as large a package as an

electronics department might desire. Don't

overburden thettudents with devices, howev r.

It's possible that they might lo inter

and motivation. Itis suggest that some

topics, such as diode clippi circuits and

perhaps some logic circuitry, should be trans-

ferred from the Puae Eeectkoiu course.

(hate: The most severe adjustment will exist

in'the first semester as previously indicated.)



ADJUSTMENTS FOR THE THIRD SEMESTER

The two subjects of Netwolda and Nat

Etectuniu are scheduled for this third semes-

ter.' Again, there are no serious adjustments

from what would exist in the quarter plan. It

must be decided where each of the two courses.

shoilld be divided. The'sequencing of signifi-

cant topics, does not change. One may only wish

to add some.topics that might normally be inclu=

ded in the technical elective courses of a quar-

ter systei. In the semester plan there may be

suffiCient time remaining to cover some mate-

rial on digital electronics (a separate course

in the quarter plan) in the,PuL4e. Etec2unic4

ourse, as 'one example.

r

A6USTMENTS FOR THE FORTH TWM;"

Only the one course, Advanced Lineart Etec-

-taonic4, i3 scheduled in this fourth semester.

Certain topics such as kedback, modulation and

detection might be included in technical elec-

tives oki quartei.system. In the semester

system, such topics (or others as desired) might

be included in the Advanced 1.41neaft. Etectuniu
\

course., Considerable freedom exists. as to the'

topics to be,included-in the course in both the

quarter plan
\

and the semester plan.
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LEVEL OF PERFORMANCE EXPECTED OF GRADUATES

RESPONSIBILITIES OF MANPOWER TEAM

Any discussion of the level of performance .

expected oemebbers of the engineering team must

naturally be associated with a statement -egard-

ing the structure of thisoteam and the division

of responsibilities lamong the team members. To

illustrate posSibie structure, let's consider

°.**a hypothetical industriall'site. Assume that the

project involved is a missile.

Theproject has its inception when a govern-
,

mental agency issues a bid proposal. A bid pro-
_

posal consists of general nontechnical specifi-
,

cations based upon external criteria. It will

include such things as general classification

(ICBM, Guided-, Manned, etc.), weight limitations;

cost factors anethe

In response-to the bid propdsal, the indus-

trial group prepares a proposal. The proposal

consists of:

a. Cost estimate.

b,Some details of the system spesifica-
.

tions.

c. Block diagram pote the system (nature of

subsystems -is indicated--electrical,

hydraulic gyros, etch- -but no details

2

are proposed).

Senior Icypl engineering personnel ate uti-

lized in the preparation of the proposal. The

senior engineer at this point will not know the

personson his team, but he will n d to specu-

-late about this to make his cost stimate.

If the proposal is aceepted.;ky the govern-

ment agency, the industrial group will prepare-

a more detailed proposal. This more detailed

proposal will consistof:

a. Cost estimate (revisedj.

b. Sys dm specifications in greater detail.

c. Mor detailed block diagram.

This proposa , like the first, will be construc-

ted by senio level engineering personnel.
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However, now is the time whn some junior

team members need'to be assigned. Once the de-

tailed. proposal is completed andth initial team

is formed, the concepts on the block diagram

need to be expanded and reduced to schematic

diagrams. Same sections ma need to be depicted

in a more detailed block diagram before they are

reduced to schematics. Engineering technologists

\areusually assigned the task of developing the

Schematics. If these schematics are in poor

condition, these people will likely not be called

"engineering technologists." Nevertheless, Ithfs
. -

is one type of task for which an engineering

technologist would be utilized. The engineering

team now consists of several engineers and four

to ten technicians, most of whom will be engi-

neering technicians. If engineering technicians

_arenot available, engineers, will have to do

this work.

Once the schematics are completed to the

satisfaction of the engineering team, prototype

models are constructed., The engineering tech-

nician is largely responsible for this.

The prototype must now be tested and evalu-

ated. The engineering technician will devise

these tests and evaluate the results of the tests.

If the tests i-xlicate the need to redesign thet,

system, or any part of the system, the engineer-

ing technician will be responsible for sdch

fications. If the podification is minor, theen-
\

gineei will probably\not be aware that the change

was made.

Engineering techniCians will have res0Onsi-

bility for the pioduction\of the system. The en-

gineering technician will be the "expert" so far

as the production crew is, concerned. After pro-

duction, the engineering/technician may find

still other areas of responsibility in prOduction

testing and quality control.

O
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KNOWLEDGE REQUIREMENTS OF ELECTRONICS ENGINEERING

'TECHNICIAN,

What are the knowledge requirements of the

Electronics Engineering Technician to reach a

level of performance necessary to carry out his

assignment as a part of the engineering manpower

team on such a system as the one just described?

Since the two-year Associate Degree program em-

phasizes both cognitive and manipulative skills,

an occupational analysis would be difficult.

There are areas, however, where examples may be

used to help define the level of performance.

Instrumentation is an important aspect of

the EET's job. The technician may be engaged in

laboratory work to a greater extent than the en-/

ginger. He _may have a greater responsibility in

the §eltion and utilization of test equipment!.

In general terms, the technician should be able

to perform basic tests and measurements; he must

have a knowledge of the capabilities and limita-

tions of test equipment and knew how to operate

the instrument. The oscilloscope will serve as

an example.

The EET should be very familiaLr with the

iUndamental_voltage-vs-time and voltage-vs-volt-

ae concepts relating to the oscilloscope as well

a§ the concepts of a triggered swe/, delayed

sweep, use of the external trigger, and multiple

channel vertical amplifier's. Based on the basis

measurement capabilities of the scope the EET

should be able to select the right osc lOscope
i

for the job based on such characterise c§ as rise

time, sensitivity, band pass, and input ioading'

and capacitance effects. The LET shoul !also b/e

1
/

able to apply his,knowledge of special-prpose

oscilloscopes, such as the transistor cu e-,

tracer. As an example, he should be able\to /de-
,

termine the D-C Beta of a transistor forla\par-
1

ticular set of operating conditions, andlha must

have a comprehension of the curve-tracer, opera-

tion so th he may apply the concepts tbisemi-
J

conductor device measurements in general.

Another area related to laboratory lvork is

that of experimental techniques or prok.eldures.

The LET should have developed a techai4 or

procedure for the investigation of electrical

phenomena so that he will have the ability to

work o-- n/Ls own without direct supervision. This

means that several basic questions must be con-

sidered by the EET when confronted with an experi-

mental problem. Some typical questions are:

hbat property is to be measured? What,instru-

irents are necessary to measure this property?

What parameters are to be varied aud which are to

be held constant? What accuracy is necessary for

valid results? Are the instruments capable of

such accuracy? Will environmental conditions af-

fect the results and, if so, how may they be con-

trolled? How reliable are the results outside of

the laboratory?

As a final step, conclusions must be drawn,

based on experimental data, and the results com-

municated to others within the organizational

structure:

The level, of performance of the EET in the

area of theory may best be established by consid-

ering the mathematics!background of the techni-

cian. lie has had algebra, trigonometry, and se-

lected topics in analytic geometry, calculus, and

differential equations or LaPlace Transforms.

,Does the technician actually use calculus in the

field? Is it necessary? Does the enqineek use

calculus consistently enough to recall standard

forms without a handbook? In many cases, he

doesn4,t; but the concept:4 of calculus are impor-

tant to the engineer and to the technician as

well. These concepts may appear implicitly in

the analysis of a problem without taking the form \

of an equation. One such case would be the con-

cept of-the average of a time-varying waveform.

If the technician, through the concept of area

under a curve, is able to visualizd the average

of the waveform over one period and apply the

same concept to other waveforms, then he has a

useful tool, regardless of whether he can remem-

ber the integral of EmSlnwt.

In carrying out his part of an assignment,

the Ll ;1 must rely on his background in theory to

aid in the analysis and design of circuitry. The

analysis of electronic circuit, require; that the
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EET be able to identify and recognize common cir-

cuits anc\estimate response, trouble-shoot sys-

tems.
,

and circuits, and determine circuit func-

tions. The bistable multivibrator ill serve as

an example. As well as being able ko identify

the circuit as a bistable, the EET slhould be able

to estimate the response of the pulse-shaping net-

work'when the input to the circuit is known.

Based op the circuit configuration, the RC time

constant, and the- pulse-repetit,ion-rate of the

inpyt waveform, the technician should be able to

determine the kind of response that will exist

without writing an equation for the circuit. It

should not be necessary even, to plot the graph

for the output response.

The area referred to as design combines both

laboratory and theory. The technician, being

more hardware oriented than the enOtIcer, should

be able to convert engineering concepla or ideas

to hardware; that is, if given a set of specifi-

cations, he should be able to breadboard the unit

based on ballpark" figures, optimize circuit

component values, prototype the unit, work vit

-;\

the hardware problems of interfacing, and perform

the necessary tests and measurements on the unit.

Again, a simple example may be used-to il-

lustrate some of the questions which must be an-

swered by the technician if he is to follow

through with his part of an overall system-design

problem. The specifications 3f a block within

the system are as follows:

a: Audio Frequency Pre-amp with a frequency

response of So Hz to 101fflz 4 20.

b. Output: 2v peak scross 20kohm.

c.- Input: dynamic microphone with an im-

pedance of 300 ohms, and an output which

is SOdb below 1mw into 300 ohms.

d. Temperature Range: 0° SO0 C.

Question: What is the overall gain required in

the pre-amp? To answer this question, the equiv-

alent circuit of the microphone must be deter-

mined. The characteristics of the driving cir-

cuit are necessary to determine the input con7"

figuration of the pre-amp. The use of logarithms

and Thevenin's Theorem is required in reducing

the microphone to its electrical equivalent cir-

cuit..
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MISCELLANEOUS TOPICS CONSIDERED BY ETCDP

A number of miscellaneous items, questions

and problems relating to the implementation of

educational programs in electronics were con-

sidered by the Project Staff and members of the

.Steering Committec,.- Those which have not been

previously discussed in this report are presented

here with brief summarizing statements.

WHAT ABOUT-ENTRANCE REQUIREMENTS?

a. fhe Comprehensive Community College has an

open-door admission policy.

b. Entrance to a particular curriculum shall

be determined at the Progranilevel.

c. The open-door policy may be applied to the

Electronics Education only if there is a

certificate program operated as a spin-off

from a common term with an Electronics

Technology curriculum, or if there is a

post-high-school Pretechnical Program in

operation.

d. Those students who have the interests and

aptitudes to continue with the two-year

Electronics Technology Curriculum, following

the common term for all students, will

probably have the high-school credits essen-

tial for successful completion of the

Associate DCgree program. These students

will probably enter with two to three units

of mathematics, one unit of the physical

sciences and three units of English. The

personnel of the ETCD project prefer to

expect this of the entering students rather

than to establish definite entrance require-

ments. The opera ion f spin-off programs,_

which permit an op or policy, will

resolve many of th blems. The secondary

schools of each Community College District

will cooperate to help solve the educational

problems that are unique to the community.
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WHAT ABOUT AN ADDITIONAL SUMMER TERM?

a. A summer term, following the first academic

year, is a good time to offer specialized

courses not required within the framework of

the curriculum.

b. A summer term will provide an opportunity

for those student who are in academic

difficulties to take courses required to

keep pace with the normal curriculum.

C. A summer term is 4 good time to conduct a

supervised CO-OP program with industry.

WHAT ABOUT PRETECHNICAL PROGRAMS?

a. A reference: "Pretechnical Post High School

Programs, Technical Education Program Series

No 12, Bulletin number 0E-80049, U. S.

Office of Education."

b. The above bulletin contains some excellent

information on pretechnical programs. Such

programs, as stated therein, are to satisfy

the unique needs of four groups of students:

"thdse who have deficiencies in required

subjects, those with underdeveloped mastery

of organized studies, those who have suffered

because of part-time or full-time employment
L

while in high school, and those who left

school before graduation.

c. The following suggestions are submitted from

the viewpoint of the ETCD project:

1. Some schools require a summer term in

advance of the first academic year for

those students who do not meet entrance

requirements.

2. There is a difference between ptetech-

n'itae pug/two and tematat puguuno.

3. Many students do enter with axaknesses,

in communication skills. One approach

that has been reasonably successful for

these students is to require that they

'TA



talk into a dictaphone and learn to

speak better. Their writing abilities

are theii,i,mproved considerably.

4. There may be a tendency, through pre-

technical programs, to force all students

into an Associate Degree program. A

vocational program leading to a certifi-

cate, requiring less than two years for

completion, may be more satisfgctory for

a number of the students.

1

WHAT ABOUT TEACHER RESPONSIBILITIES?

For the Electronics Technology Curriculum,

the teacher shall:

a. .Prepare some, if not all, of the experiments

for the courses that he teaches, as necessary

=to meet his and the department's objectives.

Laboratory manuals are seldom completely

sufficient as the source for ate experiments.

b. Prepare lecture notes for classroom use as

needed.,

c. Attend and participate in workshops, seminars

and annual meetings relating to electronics

education whenever possible:

d. Enjoy the teaching of laboratory as much as

in, the classroom. Surveys suggest that

classroom teaching is preferred by many

teachers. The practical experiences that the

student has in the laboratory are important.

e. Keep in touch with the activities and needs

of industry.

e....-WHAT ABOUT TEACHER QUALIFICATIONS?

a. An integrated approacW for program staffing

in electronics is recommended. This means

that the teacher should have some practical

industry experience; he shall have,some

academic work in education; and he shall

have a good academic background in CiAcuit _

Anaty6a, the Fundconentabs o6 Eiect/tonics,

Mathematiu and the Phip(Icat Sccences.

b. The exact procedures for attaining this

integrated academic knowledge, along with

the practical experience, were not discussed

by the personnel of the ETCD project to any

great extent. The Project Director, howeVer,

(not speaking for the project staff) would

recommend a baccalaureate degree in elec-

tronics from either an engineering college

or a technicl institute (or equivalent)

followed by a Master's degree in education.

Getting the first degree in education and

the second degree in electronics is not

recommended. In the process of obtaining

the baccalaureate degree in electronics, it

might be ideal if the prospective teacher

went the route of an AssoCiate Degree in

Electronics Technology. There are a number

of BET programs in which such a route is

self-contained. Some of these BET programs

will also have the needed courses in educa-

tion, in which case they may be deficient in

their offerings of mathematics and., the

sciences.

c. The rapid growth and the establishment of

many new community colleges over the past

decade has placed a special burden on the

electronics teachers who received'their

degrees before anyone knew about the teaching

needs of these institutions. Those teachers

who do not have the essential academic back-

ground in their specialty need special pro-

grams to satisfy their needs. Such special

programs are very limited and the needs are

not being Satisfied. These teachers are

forced to do the best they can, through self-

study, attending Summer Institutes, partici-

pation in workshops, etc.

\

WHAT ABOUT REVISION OF EXISTING PROGRAMS?

a. The revision of a curriculudand/or subject

matter within a curriculum iS,a continuous

process.

b. Revisions that might be needed are often

avoided for philosophical reasons. There is

an inherent fear of the making of changes.

Innovative instructors will welcome change if

it is needed.



WHAT ABOUT-JOB PLACEMENT OF GRADUATES?

a. It is important that the graduate be placed

at the-ocCupational level that is compatible

With the curriculum objectives and subect-

matter level.
''''

b. Aajor effort must be made to acquaint, e7 '''

industry with the capabilities of the giaduate

and to get recruiters on campusr

c. Need to orient and guide the graduates as to

---their opportunities for employment and

b. Most of the textbooks now available for

Electronics Technology are written as

acaskoom textbook4. There is a need for

the two kinds of texts.

......
.

INXFABOUT INTERACTIONS WITH INDUSTAY?

a. Make good use of the Industry Advisory

Committees.

b. Consider CO-OP programs for the students.

c.'Teachers should spend some time working in

selection of jobs, industry (summers, perhaps) at regular inter-

WHAT ABOUT SOFT-WARE FOR LABORATORY? . ,

a. There is a need for falba/m.04y textbobla

rather than the conventional laboratory

manual. This means that there will be a

discussion of the theory appropriate to each

1 experiment.

334

vals,- about every third year or so.

d. Make use of industry personnel as part-time

teachers, or for the teaching of specialized

courses.

e. The teachers should get acquainted with the

chief engineers-of local industries.
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A POSITION PAPER FOR ELECTRICAL-ELECTRONICS TECHNOLOGY

Reproduced here, and in part, is a position paper for

the Electrical-Electionic Technology program at New Hamp-

shire Technical Institute, Concord, New Hampshire. Ac-

knowledgment for this paper is extended to Professor

Stuart Cady, Department Chairman of that Technical Insti-

tute. A position paper such as this provides an excellent

base for departmental and administrative operations.

INTRODUCTION

The Electric4-Electronic Engineering Tech-
,

NJ'
nolegy curriculum is designed to lead an individu-

al
1

al toward a'broad background of basic knowledge
1 ,

and, simultaneously, a background sufficiently

specialized to produce an em loyable graduate at

the end of the two-year prog am.

It is recognized,/ that
,

the level of a program
(

.1

is determined by its objectives and the quality
1

1

by how well it achievestthose objectives. There-
I

_fore, the department strives to provide a quality

technical base to the iindivi'dual's education.

The department is in accord with the follow-

ing definitions of engineering technology, the
1

engineering technician,land an engineering tech-

nology curriculum as defined by the American So-

ciety for Engineering Education, bulletin, "Char-

acteristics of Excellence in Engineering Technol-
1

ogy EduCation." ,i

"Engineering TechnOlogy is identified as a

part of the engineering field to indicate that

it does ndt by any means encompass the entire

field and also to differentiate it from other

types of technology ,a areas such as medicine

and biological sciences. The engineering field

is viewed as a continuum extending from the
. _

craftsman to the engineer. Engineering technol-

ogy falls, in the continuum, between the crafts-

man and the engineer, and closer to the engineer

than to the craftsman.

"Engineering technology is concerned pri-

marily with the application of established sci-

entific and engineering knowledge and methods.

Normally, engineering.technology is not con-
.

cerned with the development of new principles

and methods.

"Technical skills such as drafting are

characteristic of engineering technology. En-

gineers graduated from scientifically Oriented

curricula may be expected to have less of these

skills than previously, and the engineering tech-

nician will be expected to supply them.

"Engineering technology is concerned with

the support of engineering activities whether

or not the engineering technician is working un-

der the immediate supervision of an engineer.

It may well be that, in a complex activity, he

would work under the supervision of an engineer,

a senior engineering technician, or a scientist.

"An engineering technician is one whose ed-

ucation and experience qualify him to work in the

field of engineering technology. He differs from

a craftsman in his knowledge of scientific and

engineering theory and methods and from an en-

gineer in his more specialized background and it

his use of skills in support of engineering ac-

tivities.

"An engineering technology curriculum is a

planned sequence of college-level courses, usual-

ly leading to an associate degree, designed to
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prepare the students to work in a field of en-

gineering technology.

"The term 'college-level' in the definition

of an engineering technology curriculum indicates

the attitude with which the education is ap-

proached, the rigor, and the degree of achieve-

Ment demanded, and not necessarily that the cred-

its are transferable to baccalaureate programs."

THE ELECTRICAL-ELECTRONIC ENGINEERING TECHNICIAN

To excel in his work, the electrical-elec-

tronic engineering technician should have the

following abilities, knowledge, skills, and re-

sponsibilities:
A

A. The ability to. apply mathematics through

elementary integral calculus as tools in

the development of ideas based on sci-

entific and engineering principles.

B. An in-depth knowledge of electrical and

electronic circuits and devices, includ-

ing the ability to design and construct

basic circuitry.

C. An extensive knowledge of laboratory

test equipment and test procedures, in-

cluding the necessary skills to operate,

calibrate, and maintain the equipment.

The ability to design basic instruments-
,

tion systems and procedures.

D. An understanding of the methods, materi-

als, skills, and procesSes commonly in

use in the field.

E. Flexibility in adapting to a changing

world of work which may often involve

other technical fields.

F. The ability to analyze, interpret, and

communicate facts and ideas graphically,

verbally, and in written form. A sig-

nificant aspect is that, since the en-

gineering technician is frequently the

liaison between the engineer and the

craftsman or technical specialist, the

ability to communicate with both is es-

sential.

G. An awareness of the broader responsi-

bilities to society as a whole. The

engineering technician must be con-

cerned for the welfare of those who

will utilize the end result of his

technical efforts as well as, for any

deleterious effects on the environment

in which he lives.

THE CURRICULUM--PHILOSOPHY, ORGANIZATIO(4, AND

C014TENT

The objective of the Institute is prO-

vide an educational experience that will. assist

the individual to function in an effectiVe way

as a citizen and a contributing member to\soci-

ety as well as a recognized semi-professional in

his chosen field of work.,

To implement this objective, the stude\nt
1

takes a course in English or Social Science\

every term. Good cooperation exists between

the departments as they recognize the interde- .

1

pendence of the eas. For example, efforts,are

made by the to nical specialty instructors to

view the students' paperwork for the qualitieS

that members of the English department expect as

well as for the technical content.
.

During the freshman year, the student studies

the fundamentals of electric circuits,- circuit

analysis, and basic electronics. The mathematids

and physics courses provide direct support to the'

technical core courses. Considering the short '\

period of time available for the education of the

engineering technician, many courses have pre-

requisites. It is abaotutety necmsany that the

objectives of each of these prerequisite courses

be met so that the student may satisfactorily

master the'materiel in the advanced courses.

Otherifreshman courses include engineering

graphics and electrical drafting, which are taught

by the Mechanical Engineering Technology Depart-

ment. An orientation course provides guidance

for the student to adjust to college life and to

inform him about the area that he has chosen to

study. A seminar, course provides him with an

opportunity to select and plan programs of inter-

est.

"In the senior year, the student rapidly
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exp.ands his technical horizon. Courses in elec-

trical measurements and instrumentation develop

a competency and a sense of confidence in an area

thatsi's basic to an engineering technician. A

course in electrical machines and controls enables

the student to gain an understanding of motors

and generators. Building on the electronics

course in the first year, the student studies

more advanced concepts of semiconductor devices

and circuits, including basic design considera-

tions.

The first four terms are identical for both

Electrical and Electronicdajors. The fifth term

diverges, with the Electrical majors studying ad-

vanced concepts of electrical machines and con-

trols. This is followed in the last term by

.,,courses in servomechanisms, instrumentation, con-

trol system analysis, and a technical elective

which may be chosen from computer electronics,

mechanisms and design, and UHF and microwaves.

This curriculum is designed to develop a control

system emphasis rather than a power emphasis.

During the fifth and sixth terms, Electronic

majors study communication electronics and U111

and microwaves as they develop an understanding

of electronic communication fundamentals. They

also have a course in industrial electronic the-

ory and applications in addition to choosing a

technical elective. The choice may be made from

computer electronics, servomechanisms, control

system analysis, or mechanisms and design.

The curriculum is kept current by a close

relationship with industry. Faculty members vis-

it industry individually and on field trips with

students. Many also attend professional society

meetings and exhibitions. In addition, a number

find employment in industry during the summer.

One of the most important aspects of the

student's education is that he develop the capa-

bility of working with a minimum of sapervisiLn.

As he progresses through the currit.ulum, he as-

sumes more responsibility for his laburatory in-

vestigations, class work becomes more challeng-

ing, and he may write technical reports in areas

that are not covered in the regular class work.

As a result of the continually changing na-

ture of technology, the student is made aware

that, to remain employable' at the engineering

level, he will have to,continue his education

formally and/or informally.

0
The laboratory part of the courses serves

to reinforce the theoretical concepts developed

in the classroom and places the student in a sftu-
c

ation where he must use his hands in producing a

working result. The laboratories at the Insti-

tute are modern, well-lighted, and .well-equipped

with up-to-date laboratory-grade equipment.

There is ample equipment so that students may

work in small groups and gain skill in the op-

eration of various instruments and in the taking

of valid measurements. To add to the "hands-on

time" that the student has with the equipment,

laboratory sections are small enough to enable

him to obtain adequate assistance from the lab-

oratory instructor.

After observing and recording the data from

his experiments, the student must analyze, inter-

pret, and report on the data, either orally or

in written form. ilie laboratory requirements in-

clude the writing of formal type scientific re-

ports. After the student has demonstrated a rea-

sonable proficiency with the formal reports, he

then presents much of his future wor!, in the form

of an engineering laboratory notebook similar to

one that he may be required to keep in his future

work.

As the student gains experience in the lab-

oratories, he is given more freedom to investi-

gate the problem in question in his own way. In

a sense, the student "writes his own laboratory

experiment." He may determine the specific area

of his inestigation, design the necessary*ir-

and determine the instrumentation.to be

used in gathering the necessary data to report

on his investigation. fliis flexibility in the

laboratories tends to more closely approximate a

jolg ,ituation, particularly in the more advanced

courses. Fhe student gains in self-confidence as

he achieves goals in the real world, not just

theoretical ones on paper.
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The fabrication and project course sequence

offers the student practical information on mod-

ern fabricating processes and an opportunity for

development of a student-oriented project. Each

student is the focal point of his project.Oper-

ating within available material, time, and cost

constraints, he develops drawings, schematics,

bills of materials, and cost analysts sheets,

and the operational piece of hardware with final

data information. The student is encouraged to

.uge imagination and ingenuity in the development

Ofjhis project..

An important aspect of the laboratory work

is the skill in trouble-shooting circuits that

the student acquires. The techniques that are

developed ih removing problems from the basic

circuits may readily,be extended to complex sys-

tems.

Since'the engineering technician is primar-

ily concerned With the application bf scientific

and engineering principles, it follows that a

"significant -part of his time_is spent in the lab-

oratories. Approximately 48 percent of the core

course-time is allocated to the associated lab-

oratory. Overall, approximately 36 percent of

the total curriculum time is allotted tb the sup-

porting laboratories.

The faculty of the department recognizes

that the personal and social needs of the student

are equally as important to his success as is his

technical proficiency when he graduates. Conse-

quently, every effort at their command is used to

make the student realize and feel that a genuine

/. concern for his well-being is present. Basically,

tblisconcern is expressed by motivating the com-

petent student to perform in a positive academic

and social manner, by counseling and challenging

the superior student capable of advancing his ed-

ucation through continued study at other insti-

tutes of hither learning upon graduation, and by

guiding the academically weak and/or vocationally

misplat.ed student into other levels or other pro-

graMs of learning that may more satisfactorily

meet his personal needs or capabilities.

EMPLOYMENT OF ALUMNI

Graduates of the Eleel.ronicEngideering Tech-

nology program have been employed in a wide spec-

trum of positions. More and more of the "hard-

ware" work formerly done by engineers is being

performed by the engineering technician. A num-

ber of companies-have-hired-graduates of this

Program into positions formerly filled by grsdu-

ate engineers. However, most of the graduates

have been empioyedlat the engineeriqg technician

level.

A representative list of initiaL job.titles

of graduates follows:

Electronic Engineering TechnAian
Engineering Aide
Associate Engineer
'Design Engineer
Design Draftsman
Systems Test Technician
Field Service Engineer

. Customer Service Engineer '

EMPLOYING COMPANIES

Companies employing our graduates include:

Advent Electronics .

Aerotronics Associates
.Browning.Laboratories
Brown Company
Sanders Associates
General Electric Company

. IBM Corporation
Improved Machinery Company
New England Telephone

- Kidder Press
Raytheon Company
Bell Telephone Laboratories

Evans Radio, Inc.
Sylvania Electric Company
Public Service Company of N. H.
Stone and Webster
Digital Equipment Corporation
New England Power Company
Northeast Electronics Corporation
Sprague Electric Company
Exeter-Hampton Power Company

TRANSFER OF ALUMNI TO UNIVERSITIES

An increasing number of graduates are con-

tinuing their education and receiving significant

transfer credit in engineering programs at

university level. Twenty -four

department are conti

time. M

raduateS' from the

wing their education full-

a

1y others have matriculated in Evening Di-

vision prOgrams leading to a baccalaureate degree.
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CONCLUDING REMARKS BY STEERING /COMMITTEE MEMBERS

This section contains concluding remarks by each of the six

members of the Steering Committee for the ETCD project. These are

presented here in the following 'sequence: Concluding remarks v>

Carrol Livesay, by Roger Mussell, by Eric Ruby, by Neal D. Voke,

by Felix Wheeler and by Robert Wilson. Each of these gentlemen

will be happy to discuss the problems of electronics education

with any interested parties. Refer to inforthation in thefront

material for their present addresses.

O

CONCLUDING REMARKS BY CARROL LIVESAY: .

ETCDP: Can You Change?

The necessity On change ,is evOent as the

mateAiatz presented witgin these codeAs

may studied. The degne'e and the typeo6 change

in each pennon's situation witt be diiieunt.

Where you stand now must be nigonou4ty evacuated

and then compared with the e.66oAtz o6 otheAz who

have coneentAted on .this subject o6 etectAonic

cimicutuin devetopment.

Those who participated .in thts project haye

taken a. hand took at the Aequiument placed upon

the etecaonicz tita.ining programs and have chahged

theiA thinking many times. Fon £n Lance, it be-

came obviouz that the/i.e. Allowed be move than a

nigonouz math-based etectAonicz cuAticutum i6

the community cottege was to match the student

to the job.

You should be exttemety 6amitian with change,

i6 you have kept pace (o a reasonable extent)

with .the etectisonicz ndustAy ove, &the yeau.

You must 4e witting to do the same hindz o6

things in etectunicz cuuicutum devetoPment on

guidanCe that yoq have been doing continousty

as you have maintained OnCitianity with the etec-.

tunics .industry. This may mean that next yea,c,

two-thiAdz oic a counse should be completely te-

"vized on anotheA course added just as in engineeA-
.

ing new models o6 a system. A ciAcuit o6 z --aye=
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tem might be changed 6nom tubez, to bipotan tnan-

ziztotz, to 6ietd (1.Uect tAanzistoui to imte-

gtated ciAcuitz. (This may be -.the- reason that

etectunics'engneem usuatty 6it into etectAonicz

echnology educational positionz.so Aeadity and

are not adveAse to changing a course on pahing a

majon cunnicutum change.),

The work olf the 6.CDP witt aid in making the

pucess o6 changing tess,pain6ut i6 it ,id used

conscientiourty. This has atuady happened to

many who attended the nationat -con6eAence in

February, .to those who paAticiPated as Steering
Committee members, to those on the pro jeer

and to many OtheAs.

CONCLUDING REMARKS BY ROGER MUSSELL:

ETCDP--The Project

The mutative Q6 the oniginat proposal tists

six majors signi6icant objectives on.activitiesi

These objectives have been met. The contAibutionz

by the Puject Sta66, Steening Committee membeAz,

consuttantz and paAticipants in National Science

Foundation Institutes aAe.many and are worthy

note. However, I would tike to Aetate specitiicat-

ty to objectives duce and 6ive. These objectives

Beat wi. th instAuctionat media and cortege industAy

.interaction:

3. To devetop the uses o4 allaiXabte media

o6 instAuctionat echnotograppnopniate
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to the particular needs o6 electronics

eduCation.

5. To detennine those wont-ring netationshi4

by whi4h the coeteges and industry can

interact to the mutual advantage to

satigy 1 he needs o6 industry and the

student.

One o6 the-at/co:10 o6 this pnaject is. the vigor

'with which thiz are o6 instnuctionat media was

pun.sued, and the manner in which it was related

speciiicatty to the teaching o6 Electronics Tech-

nology. It has been proved beyond reasonable

doubt that non-expents can pupa/Le media pnesen-

tationz--given an adequate amount o6 timeand

suppont equipment.

An additionat at/Length o6 this project is

ther6ine spinit-o6 coopeAation Ob.elined 6nom the

6ottaeing companies when asked to assist in de-

Uetoping a technique to netate the indurtAU .to

the student. The pun companies me:

Bounna/Chicago Aeniat Industries

Motonota, Inc.

Undvuoniteitz Laboratories

western Etectnic CoMpany ,

The development o6 media pnesentations using

video tape, stides and movies indicates that:

a. IridustAy can be brought to the ctass-%

nom;

b. Media presentations can be dont at /Lea-

sonable cost;

c. Media presentations can be accomptished

by amateunz;

d. Media presentations the a nemonabte

amount o6 time and suppont equipment.

A bun then stAength o6 this pnojeceis.the

investigation

'speci6icatty,

o6 Computen-Assisted Instruction,

that dealing with the investigation

o6 Cuincit Anatysis by Computers at the engineer-

ing tethnician level. In the past, this topic
4

haz pnimaAity been an upper- division course.

This topic atone hajl tAemendoms, ban.-ieaching

nami6icationz bon 6utune course--Stnuctuning .

\objectivez and expected student behavior. Thiz

pie should be developed 6u/1-then in speci6ic

elation to the cunAicutum as 4t 4.6 heite.i.n de-
,

v' oped.

,Upon compation o6 the project, we.stand

at the thnezhotd o6 the en ire area oe,media

and it can be 6unthet developed to aid the

studCnt-community college-ndustny intenneta-
,

tionhip in the teaching o6 Electronics Tech-

.

notogy. Enough samplings o6 vaAied techniques

have ilxen succesqutty completed to suggest

one o6 the prime considerations 60'n 6utune wonk

to .be 0

That continiued and consistent e66ont be

given to .thzfa research, based upon the

bindings o "this ,pn,q,ject.

That the utvestigation be timited to

.t.he an o 6 Electronics Technology .and

utiiize :the at/vacation az ev'etoped

heAcin to key the devetoment o6 ne-

4ted .instnuctionat me

CONCLUDING REMARKS By ERIC RUBY:

Critique o6 ETCDP ,

16 a community college is to tive up to its

chattenge,.it must be compnehensive. This is

not an easy .tack. A community college' does not

become comprehensive simply by incneming the

number o6 pnognams/ (on courses) which it o66ens.

We may begin to get an idea o6 what it means bon

an institution .toy/ be compnehen4ive by 6ir4t stat-

ing the thnee aCeepted categonieS usuatty men-

tioned in disCuiaioni:such-as this and then ex-,

amininglin some detait the category in Which w

Aind_Ale'cumicutLim o6 this project. The cate-

gonies' mentioned above are: 1) Adat (continuing

on enAiehment) pnOgnams; 21 Taminat (on caneen-

oriented) pnognan4; and 3) Tnans6en (on bacca-

tauheate-onientedi 009/Lams.

The caneet-ohiemted,puguns are chanacten-

ized.by diveAsitn. Divensity in the genenat 6ietds.

. ihe /Lange is :so wide that I doubt that any one

List is complete. 16 comptetenessdoes exist to-

day, iz likely nbt to have accounted bon some

"emenging occupatioii," and consequentty wilt be-

come incomplete unless 6tequentty updated. A

pantiat lit would inade: Uectuticis, etee--

tnitian ttaining, automotive cancers, agnicuttune

4
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related cateetz; bus(iness and data ptocezzing

cateeAz,.opticz, nukzing, medicat and dental

A Anotogiez, petroleum technologies, etc.

The diversity does no.t end here. 16 we conl

side& just the etecttonicz anew, we usuatty again

zee' .duce common categotiez: 1) trade teve4

2) industkiat'tevet;-and 3) technitat &vet.

The pat two ate sometimes combined into a sin-

gle category &Wed vocationat. The technicat

vet id 40Metimeb broken into two sub - groups:
.

' 1),Industkiat technology; and 2) EtectAonicz

- Engineering (ketated) technologies.

Scnce .this 6etd (etectAonics) id so di-

\,
verse, con6usion JA the major. result o6 any at-

\

..,

temptz,tocategokiee. The engineeAing manpower
: ,

commizsion gave up even .trying to separate the
I \

6iet.d into two groups. .The semantics o6 .the zit-

on aten't helping. Etectunics id so broad

a 6iei that it .14 no.t possible 6bt a two-yeat

p4pgtam to comptetety covet the 6ietd. The cwt-

AicutuM,devetoped by ETCDP has a4 its major ob-

jective the development o6 coke courses to which

technicatetectives must be added. The-tistfo6

possible electives id quite tongland no schbt

could pozsibty o66eA them att. We 6ind, ezeke-

bone, that each institution o66eAing electronics

technology uzuttLy o66ek such ptoggms With varti-

ous emphases such as: communications options,

computer options, instrumentation on control op-

Vona, etc.' To be comprehensive, a college would

have to o66et art possible such options on all

pozzibte tevets.

The Aessat'o6 the above Situation a that a

cottege id very tikety to institute trade an

national programs (sometimes unwittingly cab.

them .technologies). The teaso.6ot this ate,

manyiand varied. Some o6 the keaZonz ate:

1) vocational instAitctorts ate easier to obtain;

2) gpcationat instAuctoils do not, in general, te-

.. quite as tame a zatam; 31) U L6 easia (sup-
. ,

pozedty) to 6ind students bon such programs;

4) most peopte who serve on a/tea-need studies

have a vocational background, etc. .

The paramount problem in etecttonicz en-

gneering technology today id the extteme shortage

I

7

o6lguati6ied .instructors. The problem has, many

6acets but one id patmount: nobody id jakepaA-

ing them! Vocationat and technicat education

corteges do no.t give .the students a zu66iciet

background in the engineet'ng sciences. 'Engineer-

ing colleges covet thi, but on a math and science

level which id 6iMpttf not attainabte in a two-

yean pragram..

There have been a number:. o6 Summer Insti-

'utu and Academic YeaA Institutes which have

assisted. These institutes have not solved .the

-problem. One teasol,,is that they have been .too

hew in number. AnOthit is that they have art been

involved in upgrading peopte already in etemon-

iikiducation. We need pragram6 to tozch peopte

w0m5ke engineem,..how to .teach techh4ogN. This

Witt nat'be.easy: "eng.13teaz do, not have (and

ate not likely .6 get), summeAS b66 to attend

such ptogtams.

I have digressed. My otiginat point was t

that no catege can be-comprehensive in the

stAie,test sense o6 thevotd...FuAthek, no cot-

tege should cat itzet6 comprehensive untess

has seveAat revers o6 technical pPogunts (in- I,

, -

f .

etuding the engineeting technotog40).
1 -

The key to the ptopozed cutAicutum is the
I

math content. Withowt the math, the obiectives

cannot be reached. Therm appeal: 6oun distinct.,

reasons Got the inctusion o6 a given math topic.:

1. 16 thegraduatewitt be expected td use
1

the topic to save rI.Obtems a6tet grad-

uation, the topic must be intruded.

2. 16 the 6ietd shows a trend such thiat

the topic wilt probably be used ly .

technicians o6 the 6utute, it sh utd

be .included.

3. 16 the graduate wire be expecte to

work with (or on) equipment whi h pet-

6orm4 the related math, these °pica .

must be included.

4. 16 the math topic makes it Left to

paspa concept (especially a system

concept) , then it showed be .nctuded.

It can be shown that all o6 the math ontent b6

the pnopostd catticutum meets teasons 2, 3 and 4;
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that math topics go deep enough to be ase6ut but

nOr.so deep. as to unnecessaAity egminate a tit*-

dent who does not have a high math aptitude.

The citedits sequence t4 amoat as impot,

.1, art as the math, since the teat wolttd dev'ices

(tiaaistotts, tuaitr,,FET's, SCR's, et.) are

normally stuaiid by 6iAat deteAmining an appuxi-

mate ciAcuit mode f. Such a ciacuit modet £4 a .

glEauping.o6 ke4.4ton4, capacitors, inductots,

diodes and Sou/Ecte 16 the student is to undet-

, stand the device, he mustiAst understand thi

ciAcuit concepts.

The pOject has cove/Led a suApAisingtygtot

pound? I'm very mpusaed with-the teautt.

:Hie_ata66 bias exCeeded-iny highest expectations.

Howevex, the work 4.4 not complete. Much remains

to be done: Ptobabty the. moat resting o6
the tasks is to identi6y andNievetop alternate

appAoaches to and sequences o6 the tOica. This

A6 especiatty .true o6 the-ciAcuits sequence.

' The oelect did identi6y some alternate ap-

poaches, but did noihave time,to develop aft

o6 them, on .to pAywitt all o6 ;the ideas that

weAe,geneAated as a pant 96 this report.

CONCLUDING REMARKSBY NEA D. VOgE:

The neeeaa.i,tu o6 066eAing students an at%

teAnative to the math-science based EtectAonics.

Technology program has been established in the

Aepoitt...--This'qpin-,o66" concept euvides an

opportunity on those. students who are testi

capable in mats -icience counsel and /on who,aAe

pAiMaAity .interested in seAvicing electronic

equipment and want to umain in ah electroics

programi One aotution to the.p4obtem, 6ott

those a hoQls opeAatingon`the quatteA plan, .

is to have all atudenta enAott in the same

etetAvnici couues.(i.e. IntAoduction to

Ete °mica). 6oA the 6iAst quaA,eA. At the end

the 6iAtt.quatteA the students, aided by

the 6acutty and guidance sta66, will decide which

puxtdmis be suited to their needs, abiti-

tiea; And occupationat goats.

%.and most meet /mason Q.Q. Muth taAe must be taken
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This method, however, i4 not satis6actoky

6OA students enAotted in schools upeUting on

the semestiA plan. In view of the 6act that

the SeAvicing:oiented pugAam may be onty two

semesters in length, the student cannot wait

until the end o6 the 6iAst semesteA to make a

decision. In most cases, one semester:, would

not be an adequate amount o6 time to complete

the Aequiltements o6 a seAvicing pugAam. This

means also, .that the students planning to com-

plete the math-science bossed pugum must watt

one 6u22 semesteA be6outhey can begin studiea

in circuit anatysis.
--

The 6ottowing ptovaat is an attempt to

4mptement the "spin-o66" concept in a semesteA

.plan: gasicatty,the puposat AequiAes all
students.to ennott.i'n,a.coutse called Funda-

mental EtectAoics (Sectio 1), taating six

weeks. At the endo6 .thi-SiA!week peAiod, the

studentwith the aid o6 the 6acutty and the

guidance sta66 mitt decide which o6 the two

pug/tams (EtectAoic EngineeAing Technology

on EtectUmics SeAvZcing) he Wishes to complete.

For the hemaining eleven weeks o6 the aemesta

(and the balance o6 the pugAam) he wilt atuP

material speci6icatty designed bon a pattticatak

ptogitam. Since.many seAvicing-oAiented ceAti6-

itate pAdguns 'are only one gum in length,

Table 1. First Semester Schedule

First Semester of the Electronics
Technology program

Electronic Fundamentals .

.Introduction to Electronics
Resistive ircuits

Basic Tech u lath

Communicat ons I (RUT)

Engineering

First Semqter of the Electronics Servicing
Program

Electronic Fundamental/s ,

Basic Electronics
Sprvice Techniques'
Elem Tech Math
Communications I

tl

3

2

4

4

3

16

3

5 .

2

. 3

16



making an eatty decision is highty desLtabte.

This means atzo that the Students in the math-

science based paogtam can start circuit anaty-

Sid much eaatim

As shown by the omttine o6 Table II, ait

students begin the aemeatet in Fund_Aentat Etec-

ttonics, Communications 1 (Rhetotic), and Basic

Technical Math: At the end o6 the six weeks,

thestudents may continue iiMeithet the set-

vieing program of She math-science based Etec-

ttonics Technotogy ptogaam. The 6itat semeztet

etectAonics coutses ate tiated according to

semestet-hoim cudit and the conventional.

lecture-tabotatoty /ratio. However, the class

schedae"woutd tiat The counsez as being

o66eiteAduting the 6-iir.st 6 weeks of the 1144t 11

weeks o'6 the semeatm The conventional te-

tationSilip o6 2 contact houtz pet ween pet

semester 6ot 1 aemestet ;Out o6 caedit is main-

tained as neatly, as passible boa electronic

coutsez. (Fundamentats o6 Eteettonics iz tistedL

as2 Zectute, 3 tabotatoty home. 16 this were

scheduled, on a semeztet basis, .thee would be

85 student-contact howls. The total student-

contact houas on the 6-week schedute is 90

houts.)

'Att students atso entat £n a Basic Tech-

nicat Math coutse.- Students desining to

complete. the Elect' onics Setvicing Program

would ttana6et to a mote etementaty math coutze

at the end o6 6-uteks.

Ttlis would be an idea. situation Got uti=

tization o6 plogtammed unit4 in elementary

technicat mathematics. A poising grade on a

"package" o6 programmed units designed spe-

ci6icatty Got students in etecttonics amic:

ing could be used to aatia6y the tequiuments.

Got the 3 semestenhoim course tinted as

Etementaty-Technicat Mathematics.

Atlhough each institution has unique

pubtems tetative to Apheduting,,,Legistution,

6acatto toad, etc., the need Got ptoviding

students with an attennative to the math-

scienc'e based ptogtam tathet than 6otcing

them out i76 school, ahoutd be given pitimaty

conaidetation.

Table II: A Portion of First Semester Schedule to Show How Spin-off is Implemented in
a Four-Semester Program.

Fundamentals of Electronics

3 (2-3)

(15 clock hours per..week

the first six weeks)
for

TO Electronics Technology
Associate-Degree Program

1 Introduction to Electronics (2)
1 lecture, 2 lab

(5 clock hours per week for the
.last 11 weeks)

Resistive Circuits (4)
3 lecture, 3 lab
(S clock hours per week lecture and
5 clock hours per week laboratory
for the 1Rst 11 weeks)
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TO Certificate Program

Basic Electronics (5)
3 lecture, 6 lab
(5 clock hours per week lecture and .

10 clock hours per week ,laboratory

for the last 11 weeks)

Service. Techniques (2)
1 lecture, 3 lab

(6 clock hours per week for the
last 11 weeks)



CONCLUDING REMARKS BY FELIX WHEELER:

Community dattegeS contemptating a cottege-

tevet curoicUtum in etectAonicz technology wift

bind both a high chattenge and a peat azziz-

tance in the body o6 this tepott which I en-

dorse az the 6nat product o6 thz NSF Okoject.

I would also tike to make a hew "AemaAkz, betow,

which may be hetp6ut to your undeAztanding 06

the nature o6 the chattenge Amptied by this

tepott.

Few tottegez mitt admit to having ptogtams

which are oS tezz than cottege tevet. However,

many do have such pugumz in spite oS that

puteztationz. Thiz i s pa/Lauda/ay true among

cottege vocationat and technicat ptogAaMz. The

decizion to have a pAogicam o6 tezz than coLLege

tevet °Sten iz not a consciouz decizionl.

iz zmpty a consztent 6aitune to temedr the

high- school deSieienciez o6 entering ztudentz

and to eztabtizh ztandaAdz bon pAogAamad-
,
I

mizzion, patticiL 6oA vocational-technical?.

ptogtams. Tkiz iz a decizion Aoh mediocAity

and es vety expenzive-in terms o3 the age

to atpikationz o6 both the students and that

teaches. it atzo damagez the image o6! the

institution.

Just .nag, it .ca pAobabty true thatia

zuccezzSut etecttonicz technotogy ptogicam, that

£4, one having pAogum ztandaAdz and not .teas

than zixtevt guduatez each yeaA, has tittte

chance oS being devetoped in the abzence o6 a

strong Vocatkonat aectAonicz atogtam, that is,

one having pAogA4 ztandatdz and not .teas than

zixty gAaduatez each yeah. The teazon

tkiz connection .Idea in the Semi that, jazt

nao, the beat zyztiern Sot Sinding quatiSiea

tudentz Sot the two -yeaA phogham iz to g
1),1

adu-

ate them Sum the one -yeah pAogAam on to 4n-

covet them Lit the ptocezz oS AecAuiting, Sdi/.

the on,..-yeah puoam.

A betteA method o6 4indkng students

quat4iedtoPenteAthe t()-yeah phogzarn, would

be to diveAt them Ahom pugAano. The,

two most ,apptOpuate Sid ,16 iot such dcv2Azions

\

4

ant pte-eAgineeting and tibeAat ants and

zetencez (LAS).

In the ease oS pte-engineering ztudentl ,

many witt not be able to cope with the pace and

Aigot op the univetzity pug/cams. This L.

panticutway tAue'o6 students conzideting etec-

tAicat enginevang akete etectAomagnetic Sietdz,

a6 apkications ofvectot catcutuz and di66ek-

entiat equations, ate such that neither, the

student non any i counzetot who :4 not an-,

Etectiticat Eng.ineek can zee the hazards ahe d.

The best intek ztz oi the student would be /

zeAved by pAhli,ding a quati6ied counzetot

and, wheAe apAoptiate, divetting the stud
1. I

to a careen Si.etd such az etectkonicz tech
i

notogy.

In'thelcase o6.many LAS ztudentz, theit

aims ate noit 60 much soh the putety cutt4at

advantagezio6 zucha pAogtam az they are 6oA

an oppo y to zeaAch on a Sietd oS "ntek-

ezt in w ch they can 6ind tewanding_cateetz.

HeAe .ca opportunity 60A golod

work by gbod counbetoh4 to hetp these tudentz

bind a Ailed o6 intete t, peAhapz in etec-

tAonicz. To do this, the counzetot 4utd

need pten y o6 detailed in6oAmation;l0eAhAp6
1

ztide/tap ptezentations, which authenticatty

describe e scope, challenges and oppottunitiez

o6 each ide "Siabte Sietd oS wokk Q6 welt az

the pug/tams and ztandakdz at thatitzchoot

which would etp the ztudemt to succeed in

each Sietd.

IS these s a place Sot etectAonicz

technology in y ur. college, I h60'e you witt

take the "High ad" to etectAonijcz technology

with P400.6604 B b. Just don'tlexpect to 6ind

me on the "Low Ro d," becatue that's wheite I

ztAayed and bound by experience /the things I

have /mated bAie6 above.

CONCLUDING REMARKS B WBERT WILCON

The Etectnonic T Chnotogy: Cuvicutum Pe-

vetopment Plojeet has een a rilajo: conttiLaatm

to the "engineeting te hnotogke6." ,MembeAS



the project sta66 did an outs nding job o6

surveying the existing Etecthonicz.Enginecting

Technotogy cuthicutum and ditecting attention to

coutzez which needed revision. A guat deaf oA

attentisauvo devoted to the math-cincaUs se-

quence. Many extAemety eteative ideas were

6/taught 6oAthby the project sta66. Fon exampte,

tabonatong expetimentz were written which used

the concept o6.intAoduc.4iing topics in the tabona-

tom natheA than through tectute. -These

experiments used a Otesh and Azatistic approach

to topics such as Thevenin!s Theorem, etc.

The ovehatt philosophy e6 'the Etecthonicz

`Engineering Technotogy Cuthicutaffiptoguzsed

cohsidenably duning the eta o6 the pnoject:

A cunAicutum outtine,which boon shwa years ago

was viAtuatty Untested, gained the support and,

respect o6 those who have used it. Each was

abte to draw 06 his own peAzonat expetience

o6 using this cuAnicutum when suggesting revision

on Atonganitation o6 courses. Each member o6

the ptoject sta66 as wett as the steeAing
,

committee be4fte6ted guatty 6tom the phoject.

Future e66ohtz shoutd be diAected toward

the Single Time Constant course qnd its companion

math coutze as well as the Netwoth Anatysiz

course. At this point in tune, there iz stiff

need On an adequate textbook pot the Singe

'Time Constant course.

I would tike to take this opportunity to

congnatutate the phoject director and sta66 6or

a job well done. I would also tike to thank

them lion the oppottuntty to paAticipate as a

member o6 the-object steering committee.
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Prof. Daniel S. Babb
Electrical Engineering Dept.
Uviversity of Illinois
Urbana, Illinois 61801

Dear Professor Babb:

(Education Research Associates,
Garden Grove, Califwila)

It is very satisfying to note this project recognizes the
need fbr providing an upgraded electronics engineering tech-
nician program, and that the success of such a program is
rooted in an adequate math-science base.

I firmly believe that a two-track electronics program 'Should
be seriously considered by every community college. Those
students who have the ability and inclination to pursue an
upper track math-based program should have-the opportunity ,

to do so, Unfortunately, the usual practice is to lump all
students together into a single track program, which desper-
ately attempts to avoid "snowing" the vocationally oriented
student without boring the engineering technician level
student. The end result is a leis than optimum education
for both types.- Very few schools are truly generating tech-
nicians trained to the best of- their ability. In- fact, med-
iocrity is so prevalent that even industry standards are
often scaled down to meet the available level, and in turn
the community college adjusts the quality of its output to
meet these watered down requirements.

I, personally, have trained hundreds of students in advanced
industrial training programs as well as community colleges),
and time and time again find them capable of comprehending
aad analyzing material at a level far beyond that which they
were originally exposed to. These students could accomplish
even more if they had been offered the opportunity to pursue
more challenging electronics programs in their formative years.

The effort your-group is making towards identifying those
broad based - concepts and mathematical tools with which to
implement the prograi is particularly worthwhile. I'm sure
there are many who will say it isn't feasible, but, by the
swomk roken one can sayi-"riothirig ventured4-notifilvg gained'
Surely, a project as significant as this is worthy of the
thorough investigation your group is providing.

(Mr Cutler spent several days
discussing the ETCD project
with the Project Staff. His
letter is appreciated.--DSB)

Sincerely yours,
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Phillip Cutler
Director



A MESSAGE FROM THE PRESIDENT OF PARKLAND COLLEGE

Parkland College was pleased to join with the University of
Illinois and other institutions of higher education in the elec-
tronics technology curriculum development project. The project
has now been completed, and the results have served to answer a
number of questions which have significance in the important area
of curriculum development.

One of these questions concerned'the feasibility of several
institutions working together on a major project to accomplish
meaningful results. The end product of this project, which was
the development of key subject matter for core courses in elec-
tronics technology, indicates conclusively that the answer is in
the affirmative. From the beginning the project has.gone smoothly
from an administrative point of view, and the general enthusiasm.
and motivation for curriculum reexamination and improvement have
been welcome side effects of the project. These benefits, I am
sure, have been experienced by all participating institutions.

It occurs to me that what has been learned from this project
in electronics technology curriculum development can be applied
to other disciplines with equally good results. Desirable curric-
ulum change, traditionally, is difficult to achieve. This pro-
ject illustrates how cooperative effort can provide the foundation
to accelerate this change. Projects of this type should be
followed by related workshops, spanning at least a week in length,
and which involve a number of institutions. In my opinion, such
an approach to curriculum development shows promise of accomplish-
ing excellent' results, and would justify financial support at the
federal, state or local level.

We at Parkland College were proud to serve as host institution
for the electronics curriculum development project, and are confi-
dent that the results will serve to strengthen electronics technology
in two-year institutions.

WMS/rjs

Sncere1 yours

s1/4-114.

William M. Staerkel
President

(Parkland College, Champaign, Illinois)

A Community College Serving Twenty-Six High School Districts in East Central Illinois
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A MESSAGE FROM THE PROJECT COORDINATOR

SUGGESTIONS FOR FOLLOW-UP TECHNIQUES OF ETCDP DEVELOPMENTS

The m- a nner in which this project was conducted is unique. The involve-
ment of university personnel with teachers of'technical subjects in the two-
year colleges has provided a model for future work -of this nature! Now that
the project is completed, the problem still exists of disseminating the
inforMation and having it used effectively:in the classrooMon a nationwide
basis.

J

One of the first ways of achieving this would be to organize a series
of state conferences of electronics instructors to discuss the content of
this study. In some geographical areas it may be desirable to have several
states go together for the conference. It is entirely feasible that the
U.S. Office of Education or the National Science Foundation would be receptive
to the support of a structured program of a series of conferences using the
project staff, as resource personnel, to make presentations at the conferences.
This could very well be organized -by the Technical Education Research Center.

Another source of funding could very easily come from the Educational
Professions Development Act where subject matter teachers would be brought
together in summer institutes and summer conferences devoted to the study
of the content of the courses and instructional techniques as presented in
this report. The vehicle for the implementation of this phise will vary from
state to state. The enthbsiasm of those participants in the Electronics
Technology Confefence that was held in February 1970 i conjunction with the
ETCD project and the 'favorable acceptance of the result, of the study by the
classroom teacher convinces the project staff of the need for this kind of
work.

The experiences gained in this study point to the need for the establish-
ment of various learning resource centers that would continually develop new
instructional material for the various technology programs being offered
throughout the United States. There is a need for the writing of classroom
textbooks, laboratory textbooks and various multimedia materials to be used .

in the implementation of the recommendations of this report. In addition to
this, the same kind of study needs to be conducted for other engineering-
redated technologies.

In the organization of these centers, care must be taken to insure a
continuing dynamic input to the activities of the center. The center must
be so structured as to permit a constant flow of new people with new ideas.
When a particular project is completed, the persons associated with the
activity would go back to their respective teaching assignments.

.

In the immediate future it is logical for the project staff to organize
a national conference for the purpose of disseminating the information
generated as a,result of the study. Perhaps. from this conference a series
of state conferences could be organized that would permit the classroom
teachers to become more directly involved.
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APPENDIX A

SUMMER INSTITUTE, VISITATIONS AND CONFERENCES

The ETCD puject wars conducted by seven community cotteges

in It4nois in cooperation with t4eUniveraity 06 Ittinois at

Urbana- Champaign. Pkoceduxes wete incovOtated into the project

to imovide maximumjxne6it's on a nationme scate rather than to

the panticipating cottege4 onty.

Three mat on activitieso6 the puject were ditected to the

bitoad geog4aphicae objective and cote descAibed in this Appendix A.

The 6itst section descAibes a Summer Instiiute conducted 04

twenty iout eXpertienced teacheiti 06 etectunics 64amcommunity

cotteges and technicat institutes. The Puject Sta66 made

visitations,at a numbers o6 cotteges outside the State 06 affo.L6

and meso attended on participated in seveitat con6etences ketating

to technicat education. These tAbitataws and con6ekences arte

identi6ied in.the second section. The thind item 06 this appendix

£6 a summaky 06 an Etectunas Technotogy Con6ekence conducted

on behaZ6 o6 the ETCD project. The tast.section identi6ies the

participants at that con6ekencG"
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ETCDP SUMMER INSTITUTE. .

The ETCD project provided support for
twenty-four experienced instructors in Elec-
tronics Technology Curricult from community
colleges and technical institutes to participate
in an eight-week Summer Institute conducted at
the University of Illinois at Urbana-Champaign
and at Parkland College. This. Summer Insti-
tute constitutes the third phase (Phase III)
of the project.

A portion of the brochure that was used to
announce that Summer Institute is repooduced
as an Exhibit on page 351. A listing of the
participants along with the colleges represent-
ed is presented on this page. A group photo-
graph of the participants and the Project Staff
is presented on page 352.

SUMMARY OF. ACTIVITIES

The participants registered in three dif-.
ferent coursesthe contents of which are ident-
ified in the third column of the Exhibit. The
first six weeks of the Summer Institute were
devoted to (.1) a study of subject-matter con-
tent for the six-plus-one core courses; (2)
a study of the philosophies of techhical and
vocational education in electronics; and (3)
to a study of the techniques and procedures
for computer-assisted instruction. During the
last two weeks of the Summer Institute, the
participants presented written and oral reports
on the different ects of the ETCD project.

This report con ains many of the sugges-
tions and much of the subject matter as .develop-
ed and presented by th articipants in support
of the activities of the project.

PARTICIPANTS

Beers, Robert Benjamin
Broome Technical Community College
Binghipton, New York

Birong, John Denhem,.......

Madison Area Technical College
Madison,

.
Wisconsin

Bishop, Lyw as erne
Bradley University
Peoria, Illinois

Brittan, John L.
Lake Michigan College
Benton Harbor, Michigan

Broadwell, Charles McAlear
Dabney S. Lancaster Community College
Clifton Forge, Virginia ,

Burkett, Harry L.

DuBois Campus
Penn State University
DuBois, Pennsylvania

350

0

Cady, Stuart Wayne
New Hampshire Technical Institute
Concord, New Hampshire

Cavanaugh, Vincent E.
,Florissant Valley Community College
Ferguson, Missouri

Dehn, Kenneth Elmer
Lakeshore Technical Institute
Sheboygan, Wisconsin

Dostal, Melvin Frank
Marshalltown Community. College
Marshalltown, Iowa

Gross, Thomas C.
Hartford State Technical College
Hirtford, Connecticut.

Haywood, Jerry Louis
Illinois Valley Community College
Oglek, Illinois

Horton,'Trancis Standish
Southeastern Iowa Area Community College
Burlingibn, Iowa

Kearney,;Edward Pati-ick
Waterbury State Technical College,
Waterbury, Connecticut

Kerr, James Goule
Western Iowa Technical
Sioux City, Iowa

Long, John Edward
Columbia State Community College
Columbia, Tennessee

Maze,,rouis
Triton College
River Grove, Jllinois

Paine, Robert%Leland
Bristol Community College
Fall River, Maryland

-Pedersen, Joe Finrow
Skagit Valley College
Mount Vernon, Washington

Mares, John V.
Kellog Community College
Battle Creek, Michigan

Rankin, Chester L.

Kansas Technical Institute
Salina, Kansas

Russell, Dean A.
Washtenaw Community College
Ypsillanti, Michigan

Stateler, Victor Leo
Kirkwood Community College
Cedar Rapids, Iowa

Walther, Hans William
Hawkeye Institute of Technology
Waterloo, Iowa ,-44
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p
l
i
s
h
e
d
 
t
h
r
o
u
g
h
 
t
h
r
e
e
 
f
o
r
m
a
l

b
c
o
u
r
s
e
s

c
o
v
e
r
i
n
g

b
o
t
h

t
h
e
o
r
y

a
n
d
 
l
a
b
o
r
a
t
o
r
y

p
r
a
c
t
i
c
e
-
p
r
o
j
e
c
t
s
.

P
o
i
n
t
s

o
f
 
v
i
e
w
 
c
o
n
s
i
d
e
r
e
d

w
i
l
l
 
i
n
c
l
u
d
e
 
b
o
t
h
 
p
r
e
s
e
n
t
a
t
i
o
n
 
a
n
d
 
l
e
a
r
n
i
n
g
,
 
a
s

w
e
l
l
 
a
s
 
h
o
w
 
t
o
 
g
e
t
 
c
l
a
s
s
e
s
 
s
t
a
r
t
e
d
 
i
n
 
s
t
i
m
u
l
a
t
-

i
n
g
 
w
a
y
s
.

E
L
I
G
I
B
I
L
I
T
Y
 
A
N
D
 
A
P
P
L
I
C
A
T
I
O
N
S

B
a
s
i
c
 
c
r
i
t
e
r
i
o
n
 
f
o
r
 
s
e
l
e
c
t
i
o
n
 
o
f
 
i
n
s
t
i
t
u
t
e

p
a
r
t
i
c
i
p
a
n
t
s
 
w
i
l
l
 
b
e
 
a
t
 
l
e
a
s
t
 
t
w
o
 
y
e
a
r
s
 
e
x
p
e
r
i
-

e
n
c
e
 
t
e
a
c
h
i
n
g
 
e
l
e
c
t
r
o
n
i
c
s
 
t
e
c
h
n
o
l
o
g
y
 
I
n
a

j
u
n
i
o
r

c
o
l
l
e
g
e
 
o
r
 
t
e
c
h
n
i
c
a
l
 
i
n
s
t
i
t
u
t
e
:
 
F
r
o
m
 
t
h
i
s
 
g
r
o
u
p
,

p
r
e
f
e
r
e
n
c
e
 
w
i
l
l
 
t
h
e
n
 
b
e
 
g
i
v
e
n
 
t
o
 
a
p
p
l
i
c
a
n
t
s
 
w
h
o

h
a
v
e
 
b
e
e
i
l
 
m
e
m
b
e
r
s
 
o
f
 
p
r
e
v
i
o
u
s
 
i
n
s
t
i
t
u
t
e
s
 
a
t

t
h
e

U
n
i
v
e
r
s
i
t
y
 
o
f
 
I
l
l
i
n
o
i
s
 
o
r
 
e
q
u
i
v
a
l
e
n
t
s
 
e
l
s
e
w
h
e
r
e
.

C
o
m
p
l
e
t
e
d

a
p
p
l
i
c
a
t
i
o
n
s

w
h
i
c
h
 
c
a
n
 
b
e
 
r
e
q
u
e
s
t
e
d

w
i
t
h

t
h
e
 
a
t
t
a
c
h
e
d
 
r
e
t
u
r
n

b
l
a
n
k
 
m
u
s
t
 
r
e
a
c
h
,
t
h
e

D
i
r
e
c
t
o
r

b
y

F
e
b
r
u
a
r
y
 
1
5
.

T
h
e
 
t
w
e
n
t
y
-
f
o
u
r
 
a
p
-

p
o
i
n
t
m
e
n
t
s
:
 
w
i
l
l
 
b
e
 
a
n
n
o
u
n
c
e
d

a
n
d
 
p
a
r
t
i
c
i
p
a
n
t
s

n
o
t
i
f
i
e
d
 
b
y
 
m
a
i
l
 
a
b
o
u
t
 
M
a
r
c
h
 
5
.

A
C
A
D
E
M
I
C
 
C
R
E
D
I
T

S
u
c
c
e
s
s
f
u
l

c
o
m
p
l
e
t
i
x
s

o
f

t
h
e

i
n
s
t
i
t
u
t
e

c
o
u
r
s
e
s
 
w
i
l
l
'
 
e
n
t
i
t
l
e
 
t
h
e
 
p
a
r
t
i
c
i
p
a
n
t
 
t
o
a
s
'
m
u
c
h

a
s
 
n
i
n
e
 
h
o
u
r
s
'
o
f
 
c
r
e
d
i
t
.
,
 
P
a
r
t
i
c
i
p
a
n
t
s
w
h
o
 
.
e
e
t

U
n
i
v
e
r
s
i
t
y
 
a
d
m
i
s
s
i
o
n
 
r
e
q
u
i
r
e
m
e
n
t
s
 
m
a
y
 
c
o
u
n
t

t
h
e

c
o
u
r
s
e
s
 
t
o
w
a
r
d
 
u
n
d
e
r
g
r
a
d
u
a
t
e
 
d
e
g
r
e
e
s
,

i
n
c
l
u
d
i
n
g

t
h
a
t
 
f
o
r
 
B
a
c
h
e
l
o
r
 
o
f
 
S
c
i
e
n
c
e
 
i
n
.
 
t
h
e
 
T
e
a
c
h
i
n
g
'
o
f

E
n
g
i
n
e
e
r
i
n
g

T
e
c
h
n
o
l
o
g
y
,

a
n
d

t
o
w
a
r
d
 
t
h
e
 
p
o
s
t
-

b
a
c
c
a
l
a
u
r
e
a
t
e

C
e
r
t
i
f
i
c
a
t
e

i
n
 
t
h
e
.
T
r
a
c
h
i
r
i
g

e
l
f

E
n
g
i
n
e
e
r
i
n
g

T
e
c
h
n
o
l
o
g
y
.

S
t
u
d
e
n
t
s
 
w
h
o
 
m
e
e
t
 
t
h
e

r
e
q
u
i
r
e
m
e
n
t
s

o
f

t
h
e
 
G
r
a
d
u
a
t
e
 
C
o
l
l
e
g
e
 
m
a
y
 
e
a
r
n

c
r
e
d
i
t
s
'
t
o
w
a
r
d
 
t
h
e
 
M
a
s
t
e
r
'
s
 
d
e
g
r
e
e
 
I
n
i
n
d
u
s
t
r
i
a
l

e
d
u
c
a
t
i
o
n
.

A
l
l

p
a
r
t
i
c
i
p
a
n
t
s
 
m
u
s
t
 
t
a
k
e
 
t
h
e
 
i
n
-

s
t
i
t
u
t
e

c
o
u
r
s
e
s
 
,
f
o
r
 
c
r
e
d
i
t

a
s
 
a
 
c
o
n
d
i
t
i
o
n
'
o
f

a
p
p
o
i
n
t
m
e
n
t
.

1
1
1

C
O
U
R
S
E
 
S
E
L
E
C
T
I
O
N

4

A
l
l

p
a
r
t
i
c
i
p
a
n
t
s
'
 
w
i
l
l

a
t
t
e
n
d

a
 
s
e
m
i
n
a
r

t
w
i
c
e
'
 
w
e
e
k
l
y
 
o
n
 
e
l
e
c
t
r
o
n
i
c
s

t
e
c
h
n
o
l
o
g
y
 
e
d
u
c
e
-

'

t
i
o
n
,
 
a

c
o
m
p
u
t
e
r
-
o
r
i
e
n
t
e
d
 
'
a
p
p
l
i
e
d
-
m
a
t
h
e
m
a
t
i
c
s

c
o
u
r
s
e
 
m
e
e
t
i
n
g

s
i
x

h
o
u
r
s
 
p
e
r
 
w
e
e
k
,
 
a
n
d
 
a
 
l
e
n
-

t
u
r
e
-
l
a
b
o
r
a
t
o
r
y

c
o
u
r
s
e

m
e
e
t
i
n
g
 
t
e
n

h
o
u
r
s
 
p
e
r

w
e
e
k
'
d
i
r
e
c
t
e
d
 
t
o
 
t
h
e
 
m
a
t
e
r
i
a
l
s
 
d
e
v
e
l
o
p
e
d
 
d
u
r
i
n
g

e
a
r
l
i
e
r

p
h
a
s
e
s
 
o
f
 
t
h
e
 
p
r
o
j
e
c
t
.

T
h
e

r
e
s
u
l
t
i
n
g

i
n
s
t
r
u
c
t
i
o
n
a
l
 
m
e
t
h
o
d
s

a
n
d
 
d
e
v
i
c
e
s
,
 
w
i
l
l
 
b
e
 
d
i
s
-

c
u
s
s
e
d
,
'
 
d
e
m
o
n
s
t
r
a
t
e
d
,
 
a
n
d
 
u
s
e
d
 
b
y
 
t
h
e
 
p
a
r
t
i
c
i
-

p
a
n
t
s
 
i
n
 
a
c
t
u
a
l
 
c
l
a
s
s
r
o
o
m
 
a
n
d
 
l
a
b
o
r
a
t
o
r
y
 
s
i
t
u
-

a
t
i
o
n
s
.

C
O
U
R
S
E
 
C
O
N
T
E
N
T

E
l
e
c
t
r
o
n
i
c
s
 
T
e
c
h
n
o
l
o
g
y
 
I
n
s
t
r
u
c
t
i
o
n
a
l
 
P
r
a
c
-

t
i
c
e
.

C
l
a
s
s
r
o
o
m
-
l
a
b
o
r
a
t
o
r
y
 
l
e
c
t
u
r
e
-
d
i
s
c
u
s
s
i
o
n
s

r
e
l
a
t
i
n
g
 
d
i
r
e
c
t
l
y
 
t
o
 
u
s
e
 
o
f
 
m
a
t
e
r
i
a
l
s
 
a
n
d
 
m
e
t
h
-

o
d
s

d
e
v
e
l
o
p
e
d
 
.
d
u
r
i
n
g
 
t
h
e
 
t
o
t
a
l
 
p
r
o
j
e
c
t
.

C
o
m
-

p
r
e
h
e
n
s
i
v
e

s
t
u
d
y

i
n
 
m
a
j
o
r

t
o
p
i
c
s
 
o
f
 
t
h
e
 
t
w
o
-

y
e
a
r

a
s
s
o
c
i
a
t
e
-
d
e
g
r
e
e

p
r
o
g
r
a
m
 
i
n

e
l
e
c
%
F
o
n
i
c
s

t
e
c
h
n
o
l
o
g
y
.

S
a
m
p
l
e
 
-
°
t
o
p
i
c
s
 
'
i
n
c
l
u
d
e
:

t
h
e
 
m
o
s
t

i
m
p
o
r
t
a
n
t
 
p
o
i
n
t
s
 
i
n
 
c
i
r
c
u
i
t
 
<
a
n
a
l
y
s
i
s
'
,
 
e
l
e
c
t
r
o
n
-

i
c
 
d
e
v
i
c
e
s
 
a
n
d
c
i
r
c
u
i
t
s
 
a
n
d
 
t
h
e
i
r
 
a
p
p
l
i
c
a
t
i
o
n
s
,

a
s
-
i
n
 
r
e
s
i
s
t
i
v
e
 
c
i
r
c
u
i
t
s
,
 
s
i
n
g
l
e
 
t
i
m
e
 
-
 
c
o
n
s
t
a
n
t

c
i
r
c
u
i
t
s
,
 
n
e
t
w
o
r
k
 
a
n
a
l
y
s
i
s
,
 
r
e
s
i
s
t
i
v
e
 
e
l
e
c
t
r
o
n
-

i
c
s
,
 
p
u
l
s
e
 
c
i
r
c
u
i
t
s
,

a
n
d
 
a
d
v
a
n
c
e
d
 
e
l
e
c
t
r
o
n
i
c
s
.

K
e
y

t
o
p
i
c
s

o
f
 
t
h
e

t
e
x
t
 
I
n
t
r
o
d
u
c
t
i
o
n
 
t
o
 
E
l
e
c
-

t
r
o
n
i
c
s
 
w
i
l
l
 
a
l
s
o
 
b
e
 
c
o
w
e
r
e
d
.
;

A
p
p
l
i
e
d
 
C
o
m
p
u
t
e
r
-
M
a
t
h
e
m
a
t
i
c
s
.
 
B
a
s
i
c

t
e
c
h
-

n
i
q
u
e
s

o
f

w
r
i
t
i
n
g
.
 
F
O
R
T
R
A
N

p
r
o
g
i
a
m
s
 
t
o
 
s
o
l
v
e

t
e
c
h
n
i
c
a
l

p
r
o
b
l
e
m
s

f
u
n
c
t
i
o
n
a
l

c
o
m
p
o
n
e
n
t
s
 
o
f

c
o
m
p
u
t
e
r

s
y
s
t
e
m
s
,

c
o
m
p
u
t
e
r
-
a
i
d
e
d
 
o
r
 
b
a
s
e
d
 
i
n
-

s
t
r
u
c
t
i
o
n
 
f
o
r
 
e
l
e
c
t
r
o
n
i
c
s
,

a
n
d
,
 
b
l
o
c
k
-
d
i
a
g
r
a
m
-

m
i
n
g
 
t
e
c
h
n
i
q
u
e
s
 
w
i
t
I
p
P
a
p
p
l
i
c
a
t
i
o
n
s

t
o

n
e
t
w
o
r
k

a
n
a
l
y
s
i
s
 
o
r
 
s
y
n
t
h
e
s
i
s
.

E
l
e
c
t
r
o
n
i
c
s
 
T
e
c
h
n
o
l
o
g
y

E
d
u
c
a
t
i
o
n
 
S
e
m
i
n
a
r
.

D
i
s
c
u
s
s
i
o
n

o
n
'
c
u
r
r
t
c
u
l
u
m
 
s
t
r
u
c
t
u
r
e
 
f
o
r
 
e
l
,
c
-

t
r
o
n
i
c
s
 
p
r
o
g
r
a
m
s
,

i
n
s
t
r
u
c
t
i
o
n
a
l

t
e
c
h
n
i
q
u
e
s
 
i
n

c
l
a
s
s
r
o
o
m
 
a
n
d
 
l
a
b
o
r
a
t
o
r
y
 
a
s
 
e
v
o
l
v
e
d
 
f
r
o
m
 
o
b
j
e
c
-

t
i
v
e
s
,

a
l
t
e
r
n
a
t
e
 
p
o
s
s
i
b
i
l
i
t
i
e
s
 
f
o
r
 
t
o
p
i
c
a
l
 
s
e
-

q
u
e
n
c
i
n
g
,
 
t
e
a
c
h
e
r
 
q
u
a
l
i
f
i
c
a
t
i
o
n
s
,

e
m
p
l
o
y
m
e
n
t

o
p
p
o
r
t
u
n
i
t
i
e
s
 
a
n
d
 
j
o
b
c
j
a
s
s
i
f
i
c
a
t
i
o
n
s
,
 
a
n
d
 
o
t
h
e
r

q
u
e
s
t
i
o
n
s
 
o
f
 
c
o
n
c
e
r
n
 
l
o
 
e
l
e
c
t
r
o
n
i
c
s
 
t
e
c
h
n
o
l
o
g
y

f
a
c
u
l
t
y
 
m
e
m
b
e
r
s
.

.

E
x
h
i
b
i
t
s

A
 
p
o
r
i
i
o
n
 
o
f
 
t
h
e
 
b
r
o
c
h
u
r
e
 
a
n
n
o
u
n
c
i
n
g

t
h
e
 
i
l
l
-
N
S
F
-
 
S
u
m
m
e
r
 
I
n
s
t
i
t
u
t
e

w
h
i
c
h
 
w
a
s
 
P
h
a
s
e
 
I
I
I
 
o
f
 
t
h
e
 
E
T
C
D
 
p
r
o
j
e
c
t
.
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P
a
r
t
i
c
i
p
a
n
t
s
 
o
f
 
U
I
-
N
S
F
 
S
u
m
m
e
r
 
I
n
s
t
i
t
u
t
e
 
(
P
h
a
s
e
 
I
I
I
)
 
a
n
d
 
E
T
C
D
 
P
r
o
j
e
c
t
 
S
t
a
f
f
.

F
r
o
n
t
 
r
o
w
,
 
l
e
f
t
 
t
o
 
r
i
g
h
t
:

J
o
h
n
 
E
.
 
L
o
n
g
,
 
F
r
a
n
c
i
s
 
S
.
 
H
o
r
t
o
n
,
 
S
t
u
a
r
t
 
W
.
.
 
C
a
d
y
,
 
C
h
e
s
t
e
r
 
L
.
 
R
a
n
k
i
n
,

L
o
u
i
s
 
M
a
z
e
,

H
a
r
r
y
 
L
.
 
B
u
r
k
e
t
t
,
 
R
a
n
d
a
l
l
 
L
.
 
T
h
o
m
p
s
o
n
,
 
I
n
s
t
r
u
c
t
o
r
,
 
J
o
e
 
R
.
 
P
e
d
e
r
s
e
n
,
 
A
l
l
e
n
 
R
.
,
L
a
w
r
e
n
c
e
,
I
n
s
t
r
u
c
t
o
r
.

S
e
c
o
n
d
 
R
o
w
:

P
r
o
f
e
s
s
o
r
 
D
a
n
i
e
l
 
S
.
 
B
a
b
b
,
 
D
i
r
e
c
t
o
r
,
 
D
e
a
m
 
A
.
 
R
u
s
s
e
l
l
,
 
H
a
n
s
 
W
.
 
W
a
l
t
h
e
r
,
 
C
h
a
r
l
e
s
.
 
M
.

B
r
o
a
d
w
e
l
l
,

E
d
w
a
r
d
 
P
.
 
K
e
a
r
n
e
y
:
 
R
o
b
e
r
t
 
L
.
 
P
a
i
n
e
,
 
V
i
c
t
o
r
 
L
.

t
a
t
e
f
e
r
,
 
D
a
v
i
d
 
A
.
 
P
e
t
e
r
s
o
n
,
 
I
n
s
t
r
u
c
t
o
r
,
 
P
r
o
f
e
s
s
o
r
 
J
e
r
r
y
 
S
.

D
o
b
r
o
v
o
l
n
y
,
 
P
r
o
j
e
c
t
 
C
o
o
r
d
i
n
a
t
o
r
.

"
.

T
h
i
r
d
 
R
o
w
:

J
e
r
r
y
 
L
.
 
H
a
y
w
o
o
d
,
 
J
o
e
l
 
D
.
 
G
a
l
l
o
w
a
y
,
 
I
n
s
t
r
u
c
t
o
r
,
 
J
o
h
n
 
V
.
 
P
h
a
r
e
s
,
 
M
e
l
v
i
n
 
F
.
 
D
o
s
t
a
l
,
T
h
o
m
a
s
 
C
.
 
G
r
o
s
s
,

K
e
n
n
e
t
h
 
E
.
 
D
e
h
n
,
 
J
o
h
n
 
L
.
 
B
r
i
t
t
a
n
,
 
L
y
l
e
 
L
.
 
'
B
i
s
h
o
p
,
 
R
a
y
m
o
n
d
 
A
.
 
E
n
g
l
a
n
d
,
 
L
e
c
t
u
r
e
r
.

A
b
s
e
n
t
:

R
o
b
e
r
t
 
B
.
 
B
e
e
r
s
,
 
J
o
h
n
 
D
.
 
l
i
k
r
o
n
g
,
 
J
a
m
e
s
 
G
.
 
K
e
r
r
 
a
n
d
 
V
i
n
c
e
n
t
 
E
.
 
C
a
v
a
n
a
u
g
h
.



VISITATIONS AND CONFERENCES

A number of community colleges, \technical
institutes and universities were visited by one
or more members of the ETCD Project Staff within
the period of the project (August, 1969 through
February, 1971). Also,1one or more membeis of
the Project Staff participated, by attendance
or as speakers, at a number of conferences dur-
ing this period. TheseviSitatica4 and con0.4-
eneeb (dates omitted) areidentified_on this
page.

VISITATIONS

Kankakee Community College
Kankakeellinois

Lake Michigan College
Benton Harbor, Michigan

Miami-Dade Junior College
Miami, Florida

Johnson County Community Eollege
Shawnee-Mission, Kansas

Washtenau Community College
Ypsillanti, Michigan

Macomb Community College
Warren, Michigan

Oakland Community College
Warren, Michigan

HartforiTechnical College
Hartford, Connecticut

Waterbufy Technical College
Waterbury, Connecticut

Norwalk Technical College
"Norwalk, Connecticut

names Valley State Technical College
Norwich, Connecticut

Wentworth Institute
Boston, Massachusetts

Franklin Institute
Boston, Massachusetts.

Capitol Institute of Technology
Washington, D.G.

Lenoir Community College
Kingston, North Carolina

Pitt Technical Institute
Greenville, North Carolina

Wayne Community College
Goldsborro, North Carolina

Fayetteville Technical Institute
Fayetteville, North Carolina

Sand Hills Community College
Lone'Pines, North Carolina

State Technical Institute
Memphis, Tennessee

Southern Minnesota State College
Marshall, Minnesota

Purdue University
"Lafayette, 'Indiana

Delta College
Bay City, Michigan

Oklahoma State University
Stillwater, Oklahoma

CONFERENCES

National Electronics Conference
Chicago, Illinois

'American Technical Education Association
Region VI annual Conference
Arlington Heights, Illinois

American Technical Education Association Nation-
al Cor.ference

Miami, Florida.

American Power Conference
Chicago, Illinois

Illinois Vocational Association Conference
Chicago, Illinois

ASEE Effective Teaching Institute
Lafayette, ,Indiana

ASEE National Conference
Columbus, Ohio

ATEA-ASEE Regional Conference-__
Norwalk, Connecticut

North Carolina Teachers' Workshop
Lone Pines, North Carolina

Tennessee Vocational Association Conference
- Memphis, Tennessee

American Vocational Conference
New Orleans, Louisiana

Electronics Technology Conference (see next

section)
Champaipi, Illinois
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An- Electronics Technology Conference, con-

.

ducted at the Unirsity of Illinois at Urbana-
Champaign, February 25-27, 1970,was-a signifi-
cant activity of t e ETCD Project. One of the

attendees submitte an excellent summary of the

Conference to the P oject staff. The information
submitted here may e of interest to the reader

-s4

THE ELECTRONICS TE-C-ftNOL-0-GY7CONtsTE-NCE

kof this-report.

-

THETNEWS RELEASE
4

"A national three day Electronics Technology
Conference will be con cted February 25-27.at
the University of Illin is,qt Urbana-Champaign.,
Seven Illimets junior c,lleges,,in'oloperation.
with the university and upported-by the.National

Science Foundation, are orking together under a
thirteen-month project to develop classroom apd,
laboratory techniques and instrutiopal materials
in'the basic circuits and lectronics codrses of
two-year associate-degree rograms in Electronics
Technology."

"The Project staff and representatives of
seven participating colt ges will report on

the status of the project. iscussion4 of tech:.

niCarand electronicS education in the U., S. and
of interactions of industry and community col-
leges to develop' curriculums and identify job op-
portunities for graduates wil be of direct in-,,

\terest to industry personnel, s well as to elec-

tronics teachers, school administrators, and
guidance counsellors."

I

. THE CONFERENCE PROoRAM,

Session I:,
fiiITICTTechnical and Electronics Education

in the United States- \ Q

Presiding: Professor Daniel S. Babb,
Dept. of Electrical, Engineering
University of Illinois
Urbana, Illinois

: A. UndetpaduateiScience Educatiod in .the -11:-S.

Dr. .Lyle Phi lips, Division Director

1

Undergraduat Education in Science

National Seence Foundation

B. Univeraity I votvement in reehn,i4at Education
Professor 31,rry S. Dobrovolny, Head
Department ff General Engineering

iUniversity ;Of Illinois. .

Urbana, Ilpnois

C. EtectAvnic4 Technology son Two-kart Cottege4
Mr. Phill p Cutler,. Author
Owner of ,.ducation Research Associates
Garden G ve,,California
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Session II: Dinner Meetig
Topic: The Comprehensive.Commumity College

Speaker: Dr. William M. Staerkel
President, Parkland .College

Champaign,,, Illinois

Session III:.
Topic: Electronics TechnologylCurriculuM

Presiding: Professor Daniel 5. Babb
Director; Electronics Technology
"Curriculum Development Project
University of Illinois,

A. Roger A. Muisell, Associate Professor
William Rainey Harper,College, ,-

.B. Joel D. Galloway,- Associate Director
Parkland College
Electronics Technology Curriculum Develop-
ment Project

C. Neal D. Voke, Chairthan
Department of Technblogy
Triton College

D.David A. Peterson,,Specialist in
Engineering Technology
Electronics - Technology Curriculum Develop-
ment Project -

UniVersity-of Illineis
.

E. EricS. Ruby, Assistant Profesor
Sauk Valley College

F. Robert T. Wilson, Coordinator of Electronics -

Illinois Central College

G. Carroll Livesay,, Elebtronics Instructor-
Lake Land College

Session IV:
Topic: Instructionql Technology in Electronics

Programs

Presiding: Randall L. Thompson
Specialist in Edgineering Technology
Electronics Technology Curriculum -
DevelopMent Project
University of Illinois

A. Girocrt Rainey,' Author.
-Head, Electrical Engineering Technology
Purdue University
Lafayette, Indiana

B. Glenn Valentine, Director of Design and Manu-
facturing, Learning Sciences, Inc.
Stamford, Connecticut'

C. Nancy kisser, Assistant to Director
Computer -Based Education Research Lab
University of IllinoiS 4:



"

Session V: 'Banquet
Topic:, Evolution of Engineering Technology in

'Canada

Speaker; Herbert W. Jackson, Author
Ontario Department of EduCation
TorOilto, Canada

Session,VI:
Topic: Jnteractions of Industry and Community

'Colleges

Presiding Ray A. Engelland
'

Chairman, Electronics Department
Willmar Area Vocational-Technical
Institute
Willmar, Minnesota

' A. Joseph Ammenderia, Technical Superintendent
!

1 Electronics Engineering Department
University of California
Lawyepce Radia$on Laboratory

t Liverinoreo0California

B. Lewis L. Knickerbocker, Sr. lersonnel Assist.0,
College and Professional Employment
Detroit Edison Company_
Detroit, Michigan

C. Edward' F. Ohrocbta, Sales Engineer
Carter Elehro4cs, Inc.
Chicago Illinois

Session. VII:

,Topic: Panel ReactiOn on Electronics Technology

s

Presiding: David A.\Peterson
Project Staff

(Panel members selected from conference partici-
pants)

1;./

CONFERENCE SUMMARY

The following is summary report of the
Electronics Technology conference, submitted by

Roy M. Sutcliffe. Instructor in Electronics,
School of Vo-Tech Education, Idaho State Uni-

versity.

P/tqace

The conference wasliart oilla year-long Elec-

tronics Technology Curriculum Devdlopment Project
sponsored by the National Science Foundation. The

.project is under the direction of Daniel S. Babb,.

Professor of '.lectrical Engineering, University
of Illinois. Seven community junior colleges of
Illinois are directly involved in the project,

each reg'esented on a Stdering Committee. A

project staff of four persons works essentially
full time.

The Conference, with attendees,from wide ge-
ographical areas and Varied technical backgr&unds,
was included in the project to provi4e valuable
guidance as well as to let the attendees know -

what the project was about. Twentyfour experi-
enced electronics instructors from throughout the

si

the country will be selexted to atterd the 1970
Summer Ins.tit'ute at the Univet ity,Of Illinois

to proyide reactions. A finalirepbri will be

.
puhlished and distributed abeu January, 1971.

The following report is /compilation of
statements made by *the idea fied speakers and

papers preiented by them. I tried to take down

the statements as. near rbatim as possible at
the time they were spoen, so as to present a
fair picture of what the speaker had to say,
with as little editing on my part as was pos-
sible. I have prefaced most with a brief state-

ment about the speaker and the topic.

TheConference was conducted as indicated

on the Conference Program; The opening session;
Wednesday afternoon, includea some general com-
ments by Babb, Phillips, and Dobrovolny on tech-
nical education, followed by a presentation by
Cutler on what he thinks should he taught in a
two-year electronics technotogy program, tech-
nology meaning between technical and engineer-
ing in level.

At the Wednesday night dinner session, Dr.
'Staerkel gave an informative talk on the roles

of the community junior college;

The Thursday =ming session was utilized
by the staff and steering committee members of
the Curriculum Development Project to present
their own thoughts.

The Thbrsday afternoon.session was essential-

ly devoted to utilization of visual aids as a
method of teaching.

Mr. Jackson of Ont ario, Canada, gave a thor-
ough and enlightening presentation on the evolu-''.
tion of engineering technology in Canada at the I

banquetfon Thursday evening.
I

.
Representatives of industries employing tech

nicians gave presentations.at the Friday morning
session in terms of what each wanted their tech=
nilians to know and do.

The concluding. ession Friday afternoon used

of participant selected from the at-
tendees to respond and give reactions as each
member saw fit. Q4**

Attendance
A

More than 200 attendees registered for the
Conference the opening day. Representatives
from at.least 33 slates and Canada attended the
banquet Thursday evening, February 26.

In additibn to instructors of elec onics,

vocations. of the attendees varied from anage-,

ment in industry, Technical Superinteni nt of

Lawr mce Radiation y, members f State

Departments of Education, local school admini-
strators, autholl'S, engineering faculty, etc.

3S546..",,`,4
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The speakers 4re of equally varied back-
,

'grounds, representing the wide spectrum of elec-
tronics technician training and employment in
this;country.

The instructors present, Many of whom were
former participants of the NSF-sponsored Summer
and Academic Year Institutes, were engaged in
.the training of technicians, at a Variety of lev-
els including Area Vo-Tech Schools, Community Jr.
Colleges, Technical Institutesand Universities.
Programs varied in length from two to four years.
Nearly all were Associate Degree programs; some
were four-year degree granting programs.

The interest of the majority of participants -
-wa's in the engineering technician. '

The New Approach xo Theory Coutau

The Curriculum Development Project and this
Conference are devoted to the eleCtronics,theory
aspect of the total program. It is based on, a

two-year Associate Degree program in Electronics
Engineering Technology, a level ber,,gen technical
and engineering, with approximate time allotments
for the total program as follows: 25% each,

Theory; Math and Sciences; Lab; and Non-technical.
I

The main concern is what, when, how, and how
-much to teach of electronics in terms dt an ever-
expanding technology, while being limited alKays
by the traditional two-year time element imposed
by state laws.

The math-theory relationship is always the
greatest concern in any program. This is the
problem the project is attempting to cope with
and, hopefully, will arrive at some solutions
and suggestions for themse:ves,- the state of Il-
linois, and the nation as a whole.

There seems to be too much to do in the time
allotteA for the traditional serial-sequential
approach to scheduled Urses, the project members
feel, and,a more nearly parallel-integrated ap-
proacb.4 needed. This will, necessitate the stu,

dent taking.some mathematical. and theoretical con-

cepts for granted at first, with proofs tocome

--The technician must be able to predict output
when given certain parameters and "worst cases."

--Let the student vary parameters, but he ahouid
know which way to go to get dui/Led usats and
make the circuit work as desired. - .

--Some time in lab 'should be fOr expetanenting,
not all canned jo6s._ Some students need to look
at different things. Even (especially!!) if it
smokes, learning takes place.

--Babb: It boils down to--do we 'analyze or
synthesize?" t

Weteme (by Puject DiAectoPO ' .

v"--.--.4
,

Daniel S. Babi? age 65, rofessor of net,

trical Engineering at the Universit5, of Illinois,,
is currently devoting 75% of his time to"Ahhtpo-
sition, and 25%oflis time as'Direcior of the
Curriculum Development Project. His main inter-
est in electronict is in pulse and digital cir-
cuit analysis and synthesis. .'

As a teacher in the Summer InstitUfes:for '

teachers of.electronicssponsored by the Nation- ' - y
al Science Foundation at the University-sof
Illinois since 4s inception in 1961, he has been
very much interested in the approach taken,by
teachers at junior colleges or techni-cal
tutes to circuit' analysis. He s a'champion of ,

the "any waveforM" approach, as opposed to he

traditional sinetwave analysis. He belrevep
sine waves should be treated towards-the end Zri .

the course as a special'topi, rather than'a
foundation which becomes very wobbly when used
in pulse and digital systems. Thus,, his, direct

involvement as Directiir.ofthe CurrrculiiM1e-
velopment Project:

He is most respactedill those. wile /lave had

the privilege of studying under him. blie teacher,

Harry Partin of MississIma,.one of the panel

members of the concluding sessidh, says his
dents always as "What does' Professor, Babb have

to sarabout th -.74°., °,

Dan Babb was given a standing ovation at

later. . the conclusion of thg Cohference.'
.

While many of us may not-be-interested in
the level of this program, there are. definitely
implica4onSas to what, Whe', and'how electronics
circuit analysis and synthesis courses aie taught
that we all should be cognizant of in our own

teaching. 4

Impumpu Sebbiek (With Dan Babb, Dave Pete/T.60n,
Suditt Cady, Ph,i2 Cutte4 and Wib. Cwttek)

.

--Discussion on what and how to teach the engi-

neering technician. Questions mostly directed

to Cutler. ;/

--Should the enginedring technician use "Ballparl"
design or "Cut Try" meth ?

--This- vonfereribe- is directly concerned- wiTITTNSF-

Supported Curriculum Development Project.

--It is a short pndrence--not all we get here
will be from 4peeche4.' Our (wins hoe 4a0
udetiang.

AddU46 by Lye

Dr. Phillips, Division D/recioi of Under-
graduate Education in Science, National Science
Foundation, gave a short discussion of the Na-
tional Science oundation involvementoin edu-
cation..

--Somo 2400 institutions arc now offering train- ,

'ing in this country. Diversity!
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--Junior college is the fastest growing in num-
bers and importance. 500 now--500 more ondraw-
.ing boards for next ten.years (one /week):

--There is no aveiage college in U. S..

- --Teaching and research--more or less of each
Can one be a respectable teacher without being
deeply involved in research? False.

-OSP has invested $400 million upgrading and
"patching up" poorly trained teachers in last
ten years.

-." --Computers will become more important in science

-

education.

--Much less rigid curricula and courses.

-:More respO6Sibility on -student to learn on own.

--Some Ph.D.'s will come without "original" re-
search, but rather in areas of his own choosing.

- -The original thinking was th6t NSF should stay
away, from Vo-Tech Education. Originally, train:.

- ing had to be in basic science, not technical
subjects--i.is now breaking.

\

--Univgrsity of Illinois was the first school
to get aid for technical training (1961).

Achtte46 by Jciuty Debhavoiny
------

(Note: The complete address is in Chapter 1 of
this report.)

Jerry Dobrdvolny is a Professor of General
Engineering at the University of Illinois, who
became very interested in technical education at
a time when there was a growing need and demand
for such, especially in Illinois. Through his

efforts, the University of Illinois obtained the
first National Science Foundation grant awarded
in this country for the training of electronics
teachers who were faculty members of junior col-
leges or technical institutes. It has been con-
tinued yearly since then, in addition to five
Academic Year Institutes.

--1952:f His first interest of semi-professional
'education. ----------------

--1958: Need for technical teachers. Everyone

wants them to have a Master's Degree in Engineer-
ing and/or Education, ten years' experience, and
not over 35 years old. A bit hard-to-eome- by!

- -1961: First NSF Institute at University of
Illinois, and it still continues. We have had

_five Academic Year 1,nstitutes, also. Approxi-

mately 400 individu41 participants representing
every state in nation.

I

--University of ill nois now has a four-year
course for teachers t of technical education.

O

- -There is need to train engineers with Maste, 's
Degre , 5-10 years' experience, with phauaophic
prepa ation to teach.

need to provide support for Associate De-

,

gree people with five years' experience to teach.
1

- -Curriculum research: (Have been working on)
a calculus -based program.

--Thdre are articulation problems.

--Contribution to literature (texts, advanced
technical articles, etc.); put your thoughts in
writing for critical examination by peers.

- -What background to teach technical -education;
pedagogic techniques:

1. Capable 1'1 subject matter.
2. Individual experience.
3. How to teach.

tt-

..-:What do those with Associate Degrees need to.
go on? What do they want to to do? Become
engineer; or get BS Degree.

I

- -80% of all students do not get degrees; yet
80% of all education is geared towards getting
a degree!

- -Four-year Technology .Degree- -what good? Pre-

pares for manufacturing pf-aesses.

Add/c64 by Phiaip Cdttet -

Mr, Cutler, though only one of the speakers
at the Conference, generatdd much enthusiasm and
interest and came close to monopolizing discus-
sions, both formal and informal ones. He is a
former teacher, as well as employee to electron-
ics research; now almost totally engaged in his
company, Education Research, Associates, makers__
of educational audio-visual aids. He is recog-
nized as an authority in circuit analysis begause
of the widely used, high-level, circuit analysis
books he has authored. his wife,, who at:companied

him, though not so qualified in electronics is no
less enthusiastic and knowfedgeable of education ,

in general. The two of them form a unique pair.

_7-Know what to teach: A slide and tape presenta-
tion was given regarding circuit analysis. (Note:

This slide -tape -presentation s ovailable from
ERA, 13181 Balboa Avenue No. 1, Garden Grove,

'California 926407i--

--The Electronics Engineering Technician: Under-
stands theohy behind function he perfoins at
work. Meat or mashed potatoes? At either end
or buth ends of his training? There should be
no mashed potatoes. Math and lab should sup-
port the theory. .Lab should challenge him to
pitedixt outcome, then um:6y it.

- -Happiness in - electronics is understanding

and using Therenin's theorem!
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Add/m.4,6.6y DA, Watiam M. 'Staeltket

Dr. Stierkel, President of Parkland College,
Champaign, Ilpinois, was a featured Taker.'

. . ,

- -There are some 1000 Community Collegbs now;
there are SOU on drawing boards for the next

Idecade (one/week)!

- -A junior college means different things to
different people: below college level to one\
person; vocational to another; technical to

another; two-yr ars instead of four-years to
another.

--Anion. is anl unfortunate name; Community is
better. The functions ofa Community College: '

1. Vo-Tell Education.
2. Transfer education (to four-year in-

stitutiion./

3. General education.
4: Continuing (adult) education.
S. Provide/community services as needed.
6, Counse'l.ig and guidance.

- -The Community' College stresses teaching and
individual student attention, as opposed to re-
search. If you want _to-do research, don't come
to my college! ,

- -The Community tollege needs a strong counsel-
ing and guidance section.

--The CommunitylCollege is financially supportld
by the community, so there are very close ties

Report (Dania igabb)
1

--Th project ,is not start cold; itlhas devel-
oped through the efforts-of ten NSF Summer In-
stitutes. r

--Algebra and some trig needed early.

-1Fo0resistive circuits: algebra and trig.

-- Single time constants circuit: Engineers use

first rder/differential equations; technicians
use st p'functions. Therefore, there are always
expone tial solutions. Use LaPlace Transforms.

i-Get tarted early! Then off to a start that
student can build on.

- -Sever schools involved in this project. Irr-

struct§rs, not jilst a committee. All in Illi-
nois, withirr distance.

--Eope

Repo/Et

--Leve

scienc
neerin

this will apply to all states.

(Epic Ruby)

of performance expected of two-year math
-based programs training Electronic Engi-
Technicians.

r\

1

--Cutly-showbd what to teach yesterday.

I

--What does the technician do in the industrial

team? II

1.' The industrial proposal (government
wants a missile)

2. Now industry gives estim tes on cost,
general system, Subsystem

3. Then a very general block diagram (no
specifics). No Iecision h re as to .

analog or digits computer, etc.
4. Now senior enginber with experience

decides what can
I

' and cannot done.

The analog compiter is decid d on.
S. Now refine And revise system n terms

of costs and b10ck diagrams.
6. Then reduce bloCks to schemati s and

finally to hardWare.
7. Get team together as best you c n to

do job:

8. The-engineering'technologisi beOns
to come into picture by coming up
with schematics/ and values within a
block, and maybe in charge of bu Id-
ing and testing it, and passes ju
ments as to meeting specs.

A Problem!

I

--Definition of Engineering Technician;
McGraw's ECPD definition is more accepted now,
but will be, revised soon: "A person who has
,obtained specialized training (post-high
school) to qualify hiM to apply for position I

in engineering not research-oriented." \

Report (Neat Vohe) --What the Rote of Etec-
taonic Engineeking Technician?

--The Electronic Engineering Tedfflician (EET)
should be'Jable to use, choose, and understand
volt-time and voltage-voltage scopes.

--He should use independent thinking and judg-
ment.

- -He should study- math, algebra, trig, analyt.
geom., calculus, differential equations, La-
Place ttans., and other selected math topics.

- -Is calculus necessary on job? No, not on
job, but concept are important. Implicitly,
perhaps.

- -HET should be able to take specs of a block
diagram and determine components. Example:
Design and build a preamp which is connected-
to an input 300 S2 mike with input SO DB below
1 MW, and which provides a 2-volt, 2k-ohm out-
put.

Report (Rabat T. Witzen)

(Note: See Chapter 3, page 69, for complete
report.)

--Introduction to Electronics Technology--what
is it? The "Big Picture of Electronics":

s-circuits to systems;
--systems to circuits approach!
--Student interest; he can elate

358
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--A system where input-output functions are usu-
ally not electrical.

--Introductory Course--40, 50, 60 clock hours:
4 hours lab, 1 hour lecture; 3 hours lab, 1 hour
lecture.

--A hands-on, lab-oriented course.

--Hardware use'depends on instructor and what is
available.

--Spin-6ff in areas of specialization.

--Instrixtor must consider it meat 4.ripoictaat

course, be enthusiastic, so students get and stay
excited about electronics.

Repott (Joel Gatioway)

Mr. Galldway is Associate Director of'the
Project.

- -Two-year math/gcience Associate Degree,program.

Curriculum must become parallel- integrated, rath-
er than serial - sequentially oriented courses.

Math I Introductory Electronics
Math 14.AResistive Circuits-7.tResist. Electronics
Muth II14Single Time ConstantT-Pulse Circuits

NiNetworks4 ~Advanced Systems

--Students often "awed" by instrumentation and
math; an introductory course can overcomd this.

- -With Algebra and Trig move into resistive cir-
cuits.

--Move quickCy into circuit analysts (resistive).

--Use STC (Single :ime Constant) circuits to pre-
dict output from given input func tions.

Repola Wavtd Pctetsonh

--curriculum and Materials

--Learning Center? Ideal:

ge..theic. Lab and theory and
other.

Development. How,?

Lab and theory tc.-

math complement each

--How to structure lab: teacher-controlled,
student-teacer, and student-controlled. Svc1e4t

°needs some 6:k.edom to,vaty ckuu..c.t pa:amet,'s at

w
iota opfton.

- -Lay foundation first: Use creative investiga-
tion.

--Stodent-controlled environment:
Observation.

2. Interpretation.
3. MeasurPlent.
4. Calculation.

--Use controlled sequencing to lead student
through design problem.

359

Reput (RuiNA MuS.Sett)

--Students need five pieces of equipment in lab:
1. Dual trace time base oscilloscope.
2. Function generator.
3. VOM or DVI.

and
4. Two or more low-
5. voltage power supplies.

--Presented slide-show on schools participating
in project. They are modern, have good equip-
ment, and benches. Lab-classroom combination
is prevalent.

Repola (Canaot.e21.kvesay)

--What ki.nd of technician should we train?

--We need multi-level progrlils. 1%e mu::t pro-

vide training to match students to jobs.

--The program should range from math-s.c.ience,
engineering technology based program to vo-
cational.

R.Iputt (Raudatl.t Tnimpsen)--1 nsttucttenat Tech-

not:ogy Aspects o6 P0.1,:ct

- -Use of close-up slides for teaching :,

A 1. Reading on VOM.
2.- Operation of Lquipment -VOI, Scope,

Cue Tracer. With tape; ,talk him
through it.

--Use desk calculator and/or computers to
save time in student calculations.

- -Pictures of IndustryWhat Do technicians Vu?
Lxamples of the following were shown;

1. Super 8
16mm

3. Video Tape
4. <5.35mm

(All were amateur: Lighting and sound was poor
on most. But pcctutcs aft atones.) (Note.:

See Page 217 for a report on an experiment in
bringing industry into the classroom.)

-- Written instruction will remain most important,
but other tools should be utilized in education.

Add/Less by Nancy Risser

-- University of Illinois has tAinty terminals in
a room tied to computer.

--TV display; slides.

c -One terminal in grade school.

--Called PLATO System.

--Computer keeps records on all students (not
accessary to wait for exams).

- ,-Students are more willing to communicate with

computer (ask questions) than with a teacher!



--Learning in one-half to one-third regular time
arid retaining longer has been documented.

- -Operation of the system doesn't require prior
knowledge.of computer programming.

--A roadblock: Costs This is the first phase.
Second Apse: Bring cost down to comparative
level of conventional educational methods. Cost
today: 27$ per student per contact hour.

- -Terminals are main cost, input-output, CRT,
etc.

Add/test. bt( Gil bent Raineq--Tath on Ldarine.A.-

-ContAated Laboutoty

(Note: See Page 237 for complete presentation.)

- -The Poor Man's Approach--Auto-tutorial Method.

- -Equipment required: $17 Cassette recorder,
75 tapes and slides sets. Received no grant, he
did at home at night.' -

- -Question not what to teach, but how much?
0

--New methods of teaching: audio visual.
Auto-tutorial equipment is student operated:

1. Student picks up supplies, audio tape,
slides, at store room.

2. Students were first required to work in
. pairs, now prefer to Work alone.

3. Screen is piece of plywood nailed to
bench.

4 4. There is much interest and motivation
of students now.

5. More time for teacher-student relation-
ship.

6. Record card on each student, make sure
of contact.

' 7. Have informal meetings with small
group (5-6 students).

- -Teacher's aids can be utilized for this ap-
proach.

- -This method does not necessarily make it easier
for teachers. The teacher is a resource center
for individual students.

Add/test. by Uenn Vatentine

. Mr. Valentine is Director of Design and Man-
ufacturing foii Learning Sciences, Inc., Stamford,

Connecticut.

--Putting a program together; a philosophic
value judgment.

--Programmed Learning: Most teachers don't like
because they don't want students to learn some-
thing while they are talking.,

- -The learner is the key person; the teacher is

a manager.

- -If responses are not correct, modify, the pro-
gram. Don't fail the student.

Address by Hetboit W. Jackson (Featured Speahe4)

.--Canada is presently down on vocational edu-
cation. Canada is going into upgraded vo-tech
education in elementary and secondary schools.

- -Students will take the subjects they want to.

- -There is a real counseling problem in colleges
and technical institutes.

--Canada is concerned with federal "megabucks"
'also.

- -Instructors in technology are not required to
take education courses.. They will be accredit-
ed. They will, perhaps, be lacking in teaching
method, but students will tolerate some of this
if they can be respected in their technical com-
petence. In- service training will be provided.

- -Students will not put up with traditional

teaching methods in post-high school if he is
to be treated as an individual in lower grades.

s-There is often.more teaching and educational
psychology put into a 60-second TV beer com-
mercial than some teachers put into a whole
year's program. Kids watch these on the TV
"boob-tube" daily and expect at least as much
from us as teachers.
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Repo/ t- (Ray Engettand)

- -tn expert: A person 50 miles away from home.
A specialist: A person 500 miles from home.

--We in education are turning out a product;
industry sets the specifications.

- -The courses must constitute a total program.

- -Electronics technicians graduates going to
work should know what electronics technology
is.

- -The school should provide.the technician
with a good base, regardless of whether tubes
or transistors or integrated circuits are ever
omitted.

Address by Joseph Ammendotia

--Lawrence Radiation Laboraictly is most'happy
with graduates from good technical programs.
They have hired 50-60 graduates over the years.

--If schools don't turn out product, we don't
buy.

--Advisory boards can be useful tools.



- -California lia's much cooperation between schools

and industry as to'advic6, equipment, etc.
"Schools should'aSk; industry will help, often 1.
-nctang equipment.

--He hires two junior college teachers for summer
and lets work in their interest. Not interested
in production, but take contributions back to
school.

--In recxaiting, student should be ready to Sell
themselves in 15-20 minutes. Arpiccahts they
dwi'.t nedd; taeeitt they dc.

- -Technicians are not doing today what engineers
did ten year ago--teehiccceaas are docng today
ochat enginevcs are duto:y today.

- -The technician is brought into designing when
he can take on the responsibility himself at
$1400/month. Title: Engineering Specialist.

- -Cyclatron: sometimes pulses deviate 1 pulse/

hr. Physicists want to know why. Engineering
technician has to come up with answer.

- -P.C. design is a big need now. Paying-$1000/
month.

--lb atomic tests, whatever electronics are 1,1ven
to physicists, it ,s not enough. Cabling now

costs $1+ million/shot. They are now trying to
come up with multiplexing system so as to reduce
cabling.

--His slide show included:
1. Animals and organ testing for radiation

analyzed by computers.
2. Mass spectrometer.
3. Electron activation analy.,is.
4. Gas chronometer.

-.Two-year electronics technicians are designing
interfacing for this equipment.

Add,:ess by 1..!wcs Knidz.c:beciz,:t

Mr. Knickerbocker is Senior Personnel As-
sistant for Detroit Edison Company.

. - -they did train their own technicians until
1964.

- -lie is for co -op utd summer programs.

--They run faculty conferences (host faculty
at Detroit) and tour facilities. Have former
graduates give feedback as to how doing and
what is lacking. Can be brutally franc. some-
times!

Addite.sa by Edwaad F. Obtochta

--Sell, that's what we're all here for regard-
less of occupation--ingustry, sales, schools:

_S E , L L

Sample Lxample Logic Live It

avocng Poem

Between 9 PM and midnight
When,my stomach was beginning to sour,
Came a pause in the Conference Program
That was known as the "Happy Hour."

From Canada' down to lexas
We folk in the teaching game
All brag about the job we do,
But our problems are all the same.

LIise educators everywhere
We lecture, rant and preach,
But let's go back to the classroom
And try to'madly teach.

- -Study then made to decide wnat engineering tech-
nician should be and how many; establish salaries,
grades. Estimate 2U-24 in 1964; now looking for -

60. .

--Used slide-talks on recruitments.

--Invite freshmen to the show, also. \ery im-

portant to provide motivation to stay in school.
(Same for faculty members.)

- -He suggests technical schools could use slides
more in communicating with high schools.

0.3
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Harry Partin
Hinds Junior colluge
Raymond, Mississippi.



PARTICIPANTS AT ELECTRONICS TECHNOLOGY CONFERENCE ,

Allen, Wesley O. North Dakota State School
of Science,

Wahpeton, North Dakota

Ammendolia, Joseph Lawrence Radiation Laboratory
Livermore, Calif.

Ashton, David L. The O'Meara Company
Milwaukee, Wisconsin

Babb, Daniel S. University of Illinois
Champaign-Urbana, Illinois

Bailey, Albert University of Illinois
Urbana, Illinois

Baker, John B. Jefferson College
Hillsboro, Missouri

Baker, Lynn. McGraw-Hill Bodk Co.
Webster Groves, Missouri

Bartz, Walter J. State Board of Vocational
Education
Springfield, Illinois

0

Bastin, E. J. Northern'College of Applied Arts
& Technology

South Porcupine, Ontario

Baker, Al W. Belleville Area College
Belleville, Illinois

d. Penta Technical College
Perrysburg, Ohio

B. Broome Technical Community
College
Binghamton, New York

Berry, Rlcnar

Beers, Robert

Berg, Julian.

Birong, John.

North Dakota State School

Wahpeton,
Science

Wahpeton, North Dakota

Madison Area Technical College
Madison, Wisconsin

Bishop, Lyle L. Bradley University
Peoria, Illinois

Blasch, Larry W.

Bohichik, George

Brazee, James G.

I.B.M. Corp:
Springfield, Illinois

Sinclair Community College
Dayton, Ohio

Dutchess Community College
Poughkeepsie, New York

Brittan,'John. Lake Michigan College
St. Joseph, Michigan
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Del Giorno, Arthur E. New York City Community
College
Brooklyn, New York

Dennler, Robert G. John Wiley & Sons,'Inc.
New York:, New York

DeVries, David. Parkland College
Champaign, Illinois

Dobrovolny, Jerry S. University of Illinois
Urbana, Illinois

Dragan, Richard C. Lorain County Community

College
Elyria, Ohio

Dunn, Arthur. Lenoir Community College
Kenston, North Carolina

Engelland, Raymond. Willmar Area Votational-
Technical Institute

Willmar, Minnesota

Evers, Stanley R. Kirtland Community College
Roscommon, Michi.gan

Everson, Scott.

Fabac, John N.

North Central Technical
Institute

Wausau, Wisconsiu

Chanute Air Force Base
Rantoul, Illinois

Fitzgibbon, Edwin G. Illinois State Board of
Vocational Education
Springfield, Illinois

Foster, Richard B. Grand Rapids Junior College
Grand Rapids, Michigan

Fraser, Gary T. AgriculturS1 and Technical
College

Alfred, New York

Fraser, Russell E. John Wiley & Sons
New York, New York

Frey, Richard J. Kankakee Community College-
Kankakee, Illinois

Frost, John S. Chaffey College
Ontario, C'lifornia

Fulton, Robeit B

\6461oway, Joel D

. State Technical Institute
of Memphis

Memphis, Tennessee

. Parkland College
Champaign, Illinois

J, P^'; J
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Gaonkar, Ramesh.

Geggis, David P.

Onondaga Community College
Syracuse, New York

Addison-Wesley Publishing Co.
Reading, MaSs.

Geiger, Darrell. Cleveland Institute of Elect.
Cleveland, Ohio

Gladden, Gerald W.

Goldberg', Joel.

Graves, William.

Griggs, Joe E.

Illinois Board of Vocational

Education
Springfield, Illinois

MaComb County Community College
Warren, Michigan

Augusta Technical School
Augusta, Georgia

Wabash Valley College
Mt. Carmel, Illinois

Gross, Thomas C. Hartford State Technical
College

Hartford, Conn.

Grossman, Thomas. Niles Township High School -
East
Skokie, Illinois

Haas, Watren F. Indiana Vocational Tech. College
Indianapolis, Indiana

Hager, Larry S. International Textbook Co.
Scranton, Pennsylvania

Hallenbeck, Wendell. Schenectady Community
College

Schenectady, New York

Hamm, E. C. Northern Illinois University
DeKalb, Illinois

Haywood, Jerry.

Hedrick,

Helm, M.

Illinois Valley Community
College

Spring Valley, Illinois

Everett W. Parkland College
Champaign, Illinois

Stanley. UniVersity of Illinois
Urbana, Illinois

Herman, Edward F. Corning Community College
Corning, New York

Holcombe, Michael L. Delta College
University Cent r, Mich.

Hicken, James.

Hoffer, Larry.

Hollitz, R. F

Southwest Minnesota State
College

Marshall, Minnesota '

Freeport, Illinois
Highland Community College

Cleveland Institute of Liect.
Cleveland,. Ohio

6
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Holman, Richard W. Missouri Western College
St. Joseph, Missouri

Holmes, Richard G. Oakland Community College
Walled Lake,\Iichigan

F. Ferris State l'oljege

Big Rapids, Michigan
Howard, Maurice

Inch, Eric C. Algonquin College
'Ottawa, Ontario

Ingram, Fred J. Tennessee State DepartMent
of Education

Nashville, Tennessee

Jackson, Herbert h. Ontario Department of
Education

Toronto, Canada

Jackson, Lee. Union Carbide
Knoxville, Tennessee

Jatich, K.E. Harper College
Arlington Heights, Illinois

Jampom, Samir. Arizona State University
Tempe, Arizona

Kerr, James G. Nestern lowaTech.
Sioux City, Iowa

Kidd, Jerrett W. Wentworth Institute
Boston, Mass.

Klotz, Ralph W. John Tyler Community College
Chester, Virginia

Knickerbocker, L.L. The Detroit Edison Co,
Detroit,

Kurii:a. 0. M. ColiegePpf DuPage
Glen L11M IlLirois

Krumwiede, Erwin. Melvin-Sibley High School
Melvin, Illinois

Laursen, Robert A. Sauk %alley College
Rock Falls, Illinois

Lehmann, IWIert A. Southwest Minnesota
state College
Marshall, Minnesota

Lester, John M. Stare University of
New York at Farmingdale

Garden City, New York

Littlewood, hilliam C. Waukesha County
Technical Institute

haukesha, hisconsin

Livesay, Carroll, Lake Land College
Mattoon, Illinois

Long, JC)lin I. Columbia State Community Collee
College

Columbia, Tennessee

Vt.
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James E.

Mandaly, Hashim.

Malmstadt, H.V.

Marotz, William H

Pennsylvania State University
DuBois, Pennsylvania

Arizona State University
Tempe, Arizona

University of Illinois
Urbana, Illinois

. Southwest Virginia
Community College
Richlands, Virginia

Martin, W. D. University of Illinois
Urbana, Illinois

Matthews, Andrew. Texas Southern University
Huston, Texas

Matz, Clifton. Parkland College
Champaign, Illinois

Metzger, Daniel L. Monroe County Community
College,

Toledo,lhio

Miller, Bruce. Flint Community College
Flint, Michigan

Miller, Merl. Prentice Hall Company
Park Forest, Illinois

Miller, T. R. Automatic Electric Laboratories
Northlake, Illinois

Miller, Wendell E. University of Illinois ,
Urbana, Illinois

Mills, Gilbert: Phoenix College
Phoenix, Arizona

Montoya, James. Parkland College
Champaign, Illinois

Hurray, Robert E. Meramec Community College
St. Louis, MIssouri

Mussell, "Roger A

Naber, Robert M.

0

Neal, James P.

. Harper College
Palatine, Illinois

Lake Shore Technical Institute
Sheboygan, Wisconsin

University. of Illinois
Urbana, Illinois

Nelms, Henry Alan. Mississippi Delta Junior
College
Indianola, Mississippi

Newell, D.P. Northern Illinois University
DeKalb, Illinois

Hentoft-Nilsen, Robert M. State University of
New York

Delhi, New York

1

O
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Obrochta,

O'Bryant,

, J

Edward F. Carter Electronics, Inc.
Chicago, Illinois

D.C. University of Illinois
Urbana, Illinois

O'Hair, Michael T. Purdue_ University

. Griffith, Indiana

Ortley, Doh. Stout State University
Menomonie, Wisconsin

Orton, William T. Lincoln Technical Collage
Syracuse, Nebraska

Papp, Al. Sinclair Community College
Dayton, Ohio

Parker, Bobby D.

Partin, Harry J.

Pedersen,

Oklahoma City, Oklahoma

Langston University

Hinds Junior College
Raymond, Mississippi

C. Robert. Hawkeye Institute of
Technology

Waterloo, Iowa

Peterson, David.

Phillips, Lyle.'

Place, Leonard.

Parkland College
Champaign, Illinois

National Science Foundation
Washington, D.C.

Fox Valley Tecdnical Institute
Oshkosh, Wisconsin

Plotkin, Maurice. State.University of
New York at Farmingdale

Garden City, Miw York

Pluhar, Joseph. State Technical.Institute
Memphis, Tennessee

Pohmurski, Joseph C. Columbian County Branch
Kent STate University
Salem, Ohio

Powell, Roy. Miami-Dade Junior College.
Miami, Florida

o"ers W. Ronald, Broome Technical
Community College

Binghamton, NeW York

Preston, Charles. University of Illinois
Urbana, Illinois .

Punkay, William. Harper College
Palatine, Illinpis

Rankin, Chester L. Kvsas Technical Institute
S &lina, Kansas

o



'Reardon, N. L. Automatic Electric Laboratories
Northlake, Illinois

Rainey, Gilbert.

Reiser, Matt H.

Richter, Herbert

Purdue University
Lafayette, Indiana

Cleveland State Community
Col,lege

Cleveland,:Tennessee

W. Kalamaioo Community College
Kalamazoo, Michigan

Risser, Nancy. University of Illinois
Urbana, Illinois

Robohm, bale L, The Nat onal Cash Register Co.
Dayton, hio

Ruby, Eric. Sauk Valley College
Dixon, Il nois

Ruehl, Philip W. Stout State UniveYsity
Mehomon'e, Wisconsin

Rushing, Edwin Karl. Mis issippi Delta Junior
C Ilege

-Indianala, Mississippi

Russ, Icaniel.

RuSsel Dean.
k__.

Sackett,

Southeast Junior College
_21pago, Illinois

Washtenau Community College

Ypsillanti, Michigan

Robert N. Normandale State Junior
College

St. Louis Park, Minnesota

Schiefer, Edward F. Southeastern Iowa Area
Community College

Burlington, Iowa

Schroeder, F. Harold. The Detroit Edison Co.
Detroit, Michigan

Schulstad, Paul G. CommonwealthEdison Co.
Park Ridge, Illinois

Schwarzlose, Paul F. University of Illinois
Urbana, Illinois

Seguin, Armand M, West Virginia State College
St. Albans, West Virginia

Selby, Stan. Hewlett-Packard Company
Colorado Springs, Colorado

Sheehan, William D.

Shehane, -Howard C.

Ag. & Tech. College
Alfred, New York

Columbus Area Voc-Tech.
School
',:olumbus, Georgia

Simmons, C. Ray.

Siville, Willard

Sizer, Milton A.

Aa
Data-Design, Laboratory
Cucamonga, California

F. Thornton Community College
Harvey: Illinois

Chicago City College-
Wright Campus
Chicago, Illinois

Smith, Winton. Oklahoma State University
Stillwatey, 0./ tioma

.Soden, R. E. Iowa State Univer ty

Ames, Iowa

Sorensen, Jerry. Southern State College
Springfield, South Dakota

Sperstad, Marlowe,L. Arizona State University
Tempe, Arizona

Sprengeler, 3. H. Belleville Area College
Belleville, Illinois

Staerkel, William M. Parkland College
Champaign, Illinois

Stateler, Victor. Kirkwood Community College
Cedar Rapids, Iowa

Stevens, LeRoy.

Sugden,-Robert.

Phoenix College
Phoenix, Arizona

Waukesha-Technical Institute
Waukesha, Wisconsin

Sutcliffe, Roy M. Idaho State university,
Pocatello, Idaho

Swank, Donald.

Sward,, Simon.

Symms, Jessee J.

Parkland College
Champaign, Illinois

Grand Rapids Junior College
Grand Rapids, Michigan

College of the Mainland
League City, Texas

Taylor, Vernal L. Florida A & M Univer:ity
Tallahassee, Florida

Thomas, Nick. McGraw-Hill
Hinsdale, Illinois

Thompson, Randall. University of Illinois
Urbana, Illinois

Thornberry, Merce. Parkland 'College

Champaign, Illinois

Tibbets, Michael. North Central Technical
Institute

Wausau, Wisconsin
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Timpte, Carroll. Mesa College
Grand Junction, Colorado

Tomlinson, Robert M. University of Illinos
Urbana; Illinois

Unger, R. H. Iowa State University
Ames, Iowa

Voke, Neal D. Triton College

0
Glen Ellyn, Illinois

Warthen, Charles. Joliet,Junicr-College
Joliet, Illinois

Washburn, C.t. Belleville Area College
Belleville, Illinois

Watt, Keith M. Southern Alberta Institute
of Technology

ti Clgary, Alberta

Webb, Earl. Victorville, California
Victor Valley College

Wepels, Philip L. Sauk Valley College
Dixon, Illinois

Wheeler, Felix H. Parkland College
Champaign, Illinois

White, Paul G. Chanute Air Force Base
Rahtou4, Illinois

'Wilcox, Alvin L. Danville,Junior College
Danville, Illinois

Wilcox, Glade. Western Michigan University
Kalamazoo, Michigan

Wilson, John Madison Area Technical College
Madison, WiscOnsin

Williams, Richard E.' Onondaga Community.
College

Syracuse, New York

Willson, Foy. Lenoir Community College
Kinston, North Carolina

Wilson, Robert. :Illinois Central College
East Reoria, Illinois

Wittrock, Marvin A. OklahomaState University
Oklahoma City, Oklahoma

Wolf, J.N.' Fox Valley Technical Institute
Oshkosh, Wisconsin'

Wood, Herman. Tarrant County Junior College
Ft. Worth, Texas

Workman, William F. Atlantic Community College
Ocean City, New Jersey

Wright, Gayle. Parkland College
Champaign, Illinois

Zakowski, Leo F. Philco-Ford Corp.
Chicago, Illinois

Zimmerman- Richard E. Lehigh County
Community Collego

Schnecksville, Penn.

Zumkehr, John L. Kent State University
North Canton, Ohio
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APPENDIX B

SOURCE INFORMATION ON INSTRUCTIONAL MATE IALS

Speciiic inlimmation on audio-visuat aids ana iitmz

iS pusented in this Appendix B. Etectunics instnuctou

who ate intekestedin th,iS technique o6 instAUction may

&ind items off pa;cticutaa vatia in the Listings presented

hem.

There ate severai .sources oli.audio-visuat aids and -.

Iiitnts and Lt is not aavays easy lion an instAucton to identip

those that satisliy his pakticutaA needs. The mate4iats have

been setected to hap the .instructor with this task. .Even

though the avaitabte mate inns designed pahticueanty lion

Etectunics Technotogy.ake not ptenti6uL7 tcalio4mation

pkovided in this appendix £ not.att-inctusive but Aathen

a teptesentative sampte. \moo'

The peAsonnet the ETU project betieve that there

£ a deliinite need dolt visual aids, audio-tutolaat-tuRiris,-

and curs. They also believe that educationat matehiats

need to be devetoped to'sattAy the". pakticutak needs

technicat education in Associate Degnee ptopams. ,Educationat

mateniwes ass, desaibed in the IiiAst section teptesent one o6

the Ow dedicated ebionts and showed be encouraged.
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ERA AUDIO-VISUAL: AIDS

, /

Education Resear5h' Associates (ERA)se
13181 Balboa Avenue #1
Gafden Grove2Galifornia 92640

P

At present ERA audio-visual aids consist of:

1. Lectures on audiotape in semi-programmed

form. The tapes are available in two foss;

cassettes (1-7/8 i.p.s

1
) and 5 or il inch

reels with 1/2 or 1/4 rack monophonic r.a.,

pordings at 3-3/4 i.p.s. An audible tone

signal to indicate'aisual di4lay change

-is superimposed uRpnthe narration.

2. Filmstrips correlated to the taped lectures.

3slides correlated to the taped lectures.

4. Overhead transparencies correlated to the

taped lectures.

5. Workbooks integrated with the audio-visual

presentation to make a-complete instruction-

'al package.

6. Instructors solutions manuals for the work-

book problems.

With the above teaching aids the instructor has

a most flexible choice in presenting tutorial

material of meaningful depth and excellent

---,quality. with a.minimum of time - consuming drudg:-

ery.% For example, the instructor (or student .

in a self-study situation) may present a cm,

Oletely. prepared lesson on Kirchhoff's voltage'

iuw by playing a taPe and changing a slide or

overhetd transparency whenever he hears the

audible tone signal. If a question of "desire

to comment should arise the recorder may be

stopped and a class di'scussion may, elisue.

Followiftg this the lesson may then be continued

Self-test questions are posed during the audio-

visual presentation and reference is
*
Made to

the workbook when ilecesSary:;:tach-tape

eludes with an appropriate/homework assignment

' -in the workbook. This hayibe modified at the

' instructors discretion.
Graw-Hill which can be -used with the DC -100

The Itudent may also learn or feview the lesson 'series.
material in a flexible manner,, and at hisoW6

/

pace, by withdrawing a tape and slide'set

(or film-strip) from the library or similar.

responsible agency. He then proceeds to al

study carrel which contt,ins the tape'player

and a suitable slide viewer. If the carrels
1

\ are made part of the normal classiiiom.sit

uation the instructor will film /onsiderably

more time iltmediai Help. With suitable

funds it is possibletS distribute remote

terminals as a part of a dial access system.

DC CIRCUITS
.

1. 41tage Notation (DC-190)

2.. CurrentINotation (DC -l01)

3. Ohm's Law (DC-102)

4. Resistance

5. Series-Cigeu (DC- 106)

6. Parallel Circuits (CC -108)

7. Series-Parallel Circuits (DC-110)

8. 'Kiichhoffs Voltage,LaW(DC-112)

9. Kirchhofi:eCurrent 1.1.e (DC-114)

10. Superposition Theorem (DC-116)

11. Thevenins TheroeM (DG-118)-

12. iprtons Theorem (DC -120)

13. Millmans 1heore(DC-122)

14. hquIvalAnt Cilduits (DC-124)

15. Equivalent Circuits (DC-125)

ld. Graphic Analysis (DC-126)

17, Ddterminants (DC-128)

This is.a ,;er..,Y:COmplete package Zkli-

covers most of the topics'in a first cif-

cults course. yang waveforms ale also

used besides DC and fits in very well-with.

Resistive Circuits. '15...wltr)(book,- "DC Cir-
.

cuits Analysis with 111CiStratiye Pioblems;
A

by Phillip is available from ma-

$1 368
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BASIC ELECTRICITY' ,

Practical Electricity (PE-10)

', Practical electricity (PE-10)congisn of 45

visuals to be used in conjunction with a taped

-lecture. 'The material may be used independent-'

ly/ by the student or under the control of an

instructor. Audible tone signals on the tape

;

indicate when a visual change is due.
..

instructionql package is intended for

the beginning high school (or equivalent) stu-

dent. It is specifically designed to-teach the

-
student some tundamentalconcepts Of electric

' circucis.stripped to their ba'rest essentials.

Every effort is made to impart an/intuitive

'insight into behavior of an .electric circuit.!

Absolutely no mathematics ether than, simple

iddition or subtraction is required, An eighth

1

grade reading, level is adequate. TliFT47-1

minimizes the amount of reading ability required.

At the end of this lesson (PE-10) which typ-j

ically runs,between 3.5 and 4.5 hours, the Atu-

dent will be trouble shooting,a .rotisserie /,

oven /broiler.

DIFVERENTIAL AMPLIFIER

1. The Differential Amplifier (DFA-10)

This lesson introduces the general concept, of _

1 I

the differential amplifier. It is treated-
/

solely as A black box and,no-attempt is mad

to investigate its possible contents at this

time. Instead the emphasis is up,on broad c n-

cepts such as: differential gain, common mo e
1

gain, common mode rejection ratio, measurement

of these parameters, and the s .ution of in

' strumentationproblems with the differentia,)(

. amplifier. This loison works in very nicely

with the pperational amplifier (0A-10) lessyn .

DIODES*

1. The Ideal Diode,(1D-10)

This lesson introdides the concept of an idlal

_ Icliode. It lays tle foundations for understand-

ing the practical solid state diode introduqed

I j-

in the next lesson. Forward bias, reverse

bias, and the break-point concept is intro -

duced and applied to the analysis of some

carefully chosen single diode.circuits.

2. The Practical Diode (PD-I2)

This lesson explains the properties of the

PN junction and its behavior under forward

bias, reverse bias, and reverse voltage

breakdown conditions. The diode volt-aMpere

characteristic is developed, temperature\

effects are investigated, and the concepts

of barrier and diffuAion capacitance are \

This lesson develops some practical piece- \

wise diode models that are most useful in

analyzing diode circuits. It also lays the 1,/

f6undation for understanding the diode-like

equivalent circuits models of transistors.\

4. Diode Circuit Analysis

This lesson develops techniques of single

and multiple diode circuit analysis based'

upon ideal and practical diode circuit models.

\Both the assumed state and break-point method

of analysis are applied.

*Available in tape/slide or tapeifilmstripl:

introduced.

3. Diode Models (DM-14)______

OPERATIONAL AMPLIFIER

1. Operational Amplifiers (0A-10)*

Theory and application of opettional ampli-

fiers from a "black box" viewpoint is'clevel!

oped in this timely lesson. Building upon

a modest background in feedback piinciples

ithe student will 'ear'''. powerful techniques

for analyzing OP-AMP circuits. . ,

1

,

I,
Included among the many topics are:

a. noninvertiiig amplifiers

b. inverting.amplifiers

c. buffer amplifiers

d. voltage regulators

e. current regulators

f. filters

1'

.



,

/ g. integrators

h. etc. /
/

This lesson is presented in a semi-programmed

format with/considerable sel.-testing through-

out'to insure comprehension.

2. Transistor Common'Base Metier (Jl' -12),4;

This lesson first develoPs.inv a considerdtion.

of the transistor's physical properties an ac-
-

tive region model in which.the'dependent col-

lector current source is a function of thein-

*Availablt in tapaislide or taAg/filmstripl/
/ .

7
/

gIGNAt. FLOW GRAPHS

1. ;introduction to Signal Flow Graphs (SFG-100,

/1SFG -102, SFG-104)

; 'A/signal flow graph (SFG) is a means of pic-

torially displaying the equations of a circuit

or system so the physical cause and effectre-

jected emitter

refined piecewise

- consideration

istic curves.

student will

sistoecircuits

, tion 'Of ti

3; Transistor

current. Subsequently, a more

model is developed from a
. .

of the input, and output charactgr-

Upon compiling this koston, the

be able to analyze some basIcAran-

by direct or,indirect applica-

is model.
**.

f -cr

COmmon-Emitter.Model (JT -14)

/ latiohship are clearly evident.' isfeature

makes the SFG an outstanding toifl.. or anatYzing.
&

circuits, or systems and in particular those in-

volving feedback.
I 4"
I 41

This highly successful programmed'course will

teach;

a. Flow-6-aph construction from circuit/sys-

tem equations.

b. Circuit/ /system equations determination

the flow graph._

'c. Manipulative, techniquei for reducing and

modifying flow graph's.

']a. Mason's rUie for determining output-vs -

input relationships by inspection.

This outstanding course coptains approximately

/o hours of taped instruction and 165.slides.'

--TRANSTSTOR-CIRCUTTS

1. Junctin Transistor (JT-10

This lesson first introduces the conc7ellt:of a

controkl, Current source and ttien_Probeeds-To

-synthes7e such a device from the properties

associated with solid state diodes/. This leads

to the development of the transistor in a man-

ner.whachclosely integrates its physical and

electrical characteristics. Upon completing

_this /lesson the student Will,thoroughly under-

stand transistor action, symbols, and baSdc

terminology._/ems
/
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This lesson develops an acti'Ve.region transis-

tor model, in which the dependent colledtor cur- -7

rent source is a function of the injected bale'

current. The parameters of this Model are real
7 .

lated to those of the common -base model: Conk

pletionof this lesson enables the student to

analyze some basic transistor circuits'hy

rect or indirect application of/this model

4. Transistor' Biasing and Stabiaization (JT-16)

This lesson discusses techniques for locating

the quiescent operating point and-st4b.ilizing
. -

it. Thermal problems are considered in devlil

and the variou§ stability factors are-both

quanta jvely and qaiaititatively _nal),zed.

5completing this 1;sson-ffie student will be
((;able

to analyze a variety of biasing configura-

tions for the location and stability of the ,r

quiescent operating point.' .

5., Transistor Smajl Signal Models (JT:-18),

this lesson develops some small4ignal.(incre-,

mental) models. In particular the emphasis is

upon the "hi' and "T" parameter models. 1 e '`

parameter interrelations between these m els

is developed from a circuitpther than purely

mathematical approach. Thi reduces the math

prerequildtc conveys a much better feel

for these models. /Upon completing this lesson

the student will be able to think in terms of

1'4

*



either the "T" or "h" parameter model and con-

vert fromone to the other,

L. Transistor Basic Amplifiers (JT-20)

This lesson introduces the three basic amplifi-.

er configurations: common-base, common-emii-
-

ter, common-collector (emitter-follower). Their

various propertip such as gain and impedance,

,relationships are developed in a practical man -

ner. ,Upon completing this lesson. the s-todent

will be able to analyze a complete basic ampli-

fier configuration of each type for its static

and dynamiC characteristics: .

7-, Junction-Field Effeet-Transi-sturs--(ytT71-0)
. .

This leSson first introduces the student to the

operating principles of the JFE1 and carefully

interweaves its physical behavior.with its elec-

trical chAtacteristics. Upon completing :--

lessoh the student will Thoroughly understand

JFET operation, symbols, and basic terminology.

.!"&
B. -1:4old effect Transistor Mbdels (FET-12)

Thir lesson introdoes means of modeling the

JFET'for large.' and small signals. The large

sisal. model is based upon a ,riocewisa linear

approxiMation_or an essentially parabolic trans-

fer characteristic. The small signal incremnt-

al models ale initially derived by physical rea-

,soning and later by relating to a "y" parameter

four-terminal network. Upon completing this

lesson the student will hays an excellent in-

sight into t/m FUT and its analysis.

V. FET Basic Amplifiers (FET»16) ,

This lesson teaches the student how to analyze

and model the basic PET amplifier configura-

_ Iionsjcom.mon-source, common-gate, and source-

follower). Their various properties such as

gain and impedance relationships are developed

in a practical manner. Upon completing this

lesson in the.FET series the student will be--

able to analyze a complete basic amplifier
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configuration for its static and dynamic char-

acteristics.

10. Power Supply Regulators (PSR-10)

This lesson first introduces the student to the .1

concept of a voltage regulator and some figures

of merit for evaluating its performance. The

Zener diode isthei introduced and its applica-

tion in non-feedback regulators or as a refer-
-

ence element is investigated. Upon completing

this lesson the student will be able to thor-

oughly analyze a Zener diode regulator.

11. Feedback (FDK-1Q)

This lesson, the first in the feedback series,

introduces the stUdent to concepts and out-

standing characteristics of the closed-loop

negative feedback system. Upon completing

this lesson the student will be able to thor-

oughly
.

oughly underLtand how negative feedback pro-

vides gain stabilization, outplepedance is

modified by vo:tage or cUrrent-de4ved feed-
,

back, and input impedance is modified by

series or shunt feedback,

Ca.

12, Practical Semiconductor Diodes (PSD-10)

This lesson introduces, the student to -semi-

conductors, PV junction pnvertips, solid

state diodes, and some practical applications.

The presentation is conducted at an elementary

level with a minimum of physics, Upon complet-

ing the lesson the student will have a prac-

tical understanding of the solid state diode

and its application to some basic circuits.

This course Also serves as an introduction to

flaw.° lessons in solid state devices and cir-

zaivs at a practical level similar to the

Practical Electricity (PE-10) lesson.

0 0
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I6mm FILMS

ACCEL REVISITED: AUTOMATED CIRCUIT CAM ETCHING
LAYOUT

Contact:- U:S.A.E.C.
This film, in full color, shows a computer pro-
graM which.deSigns printed circuit boards and
produces the drawings for their construction
`Arith the anpCt encoded from an. engineer's

schematic di gram by a clerk withOut knowledge
of electrohics.

ANALOG COMPUTER.AND ITS'APPLICATION TO ORDINARY
0 DIFFERENTIAL EQUATIONS

15 mm/min:/BsW/Sound/Contadt: U. of M. .

This film, produced in.collaboration with Univ. .
of Mich. Professors Robert :M. Howe and Wilfred
replan, was made especially far use in courses
-Onlbrdiaary differential equ'ations. It explains
tile-d6bign_and operation of the7aAalog computer
and-illjuitrates Lts va4ue in the study of both
linhAi-and:nonlinear

si

ATOMIC PHYSICS, LESSON 11 DISCOVERY OF THE
ELECTRONIC

30 min:/BLW/$63:25/Contact: U. of I.
Demonstrates the general- appearance of high
voltage electrical discharges in partially
evacuated tuves, straight line propagation,
and the momentum of cathode rays.

ATOMIC PHYSICS, LESSON 2: ELECTRONIC CHARGE
AND MASS

30 min./B&W/$6.15/Contact: U. of,I.
Describes and demonstrates the bending of
cathode rays in an electric field and in a
magnetic field. These experiments show that

cathode rays are negatively charged particles.
Millikan'S oil drop experiment is described
in some detail.

ATOMIC PHYSICS, LESSON 3: THE ELEMENTS AND
THEIR ISOTOPES

COMPUTERS (INTRODUCTION TO5 (F,,t-233) (LeRC) 30 min./B&W/$6.15/Contact: U. of I.
Desofibes Thomson's mass spectrograph and his

/6 /6 min./Contact: LeRC discovery oftneon isotopes. Discusses isotopes
and their relative abundance.

ASSET x(ADAFTABLE EPEECE SYSTEM USING,ELECTRONIC
TRAIAING) (MT-1074)

i6mn/ndcolor/souud/Oontact: Autonetics
pemombratal_th catputerized system which trains
itself -to recognize words spoken&by a particular
,speaker.,' andito discriminate between different
pronunciations and languages. Typewriter read-
out provides graphic proof of the accuracy of
the ASSET system.

ATOMDC.ENERGY--INSIDE THE ATOM (BASIC PHYSICAL
SCIENCE SERIES)

13 min./color/$5.05/Contact: DU. of I.
A cloud chamber and geiger counter are Used to
demonstrato the behavior of radioactive atoms.
Explatne the basic difference between radio-
active and non-radioactive atoms and the use of
nuclear reactors. Mentions several uses of the
energy carried by radiation.

ATOMIC MODELS, VALENCE, AND THE PERIODIC TABLE

'4*
16mm/44 min./color/sound/Concact: U. of iowa

Here is displayed a new type of three-dimensional
atOMic model showing covalent radius, valence
vlectTonic structure, and electronegativity. An
elementary discussion of valence, omph.14zing
the teaching of directional nature and polarity
by use of these models,is given.

NOTE. Complete adresses are presented to the
next section. The rental prices quoted
are for iniumailon purposes only.
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ATOMIC PHYSICS; LESSON 4: ELECTRONIC CHARGE
TO MASS RATIO (LAB DEMON)

3Q min. /B &W /$6.15 /Contact: U. of I.
A beam.of electrons from an election gunnis
bent in a magnetic field, and measurements
of orbit radius, accelerating voltage,
magnetic field, and current are made.

ATOMIC PHYSICS, LESSON 5: LIGHT SOURCES AND
THEIR SPECTRA

30 min. /color /$9.90 /Contact.: U. of I. ,

Describes and demonstrates the four gendral
types Of spectra: continuous emission,
continuous absorption, line emission, and line
Absorption. .

ATOMIC PHYSICS, LESSON 6: WAVE LENGTHS OF
SPECTRUM LINES (LAB DEMON)

30 min./B&W/$6.15/Contact: U. of I.

Uses a diffraction grating to measure the
spectrum lines of mercury vapor and sodium
vapor. From the results the wave lengths can
be calculated.

ATOMIC PHYSICS, LESSON 7: X RAYS

30 min./co1or/$9.90/Contact: U. of I.
Discusses the discovery of X rays by Rentgen,..

the construction and principles of X-rays tubes.

1.
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altd the principles by which X--ay photographs
are made.

ATOMIC PHYSICS, LESSON 8: RADIOACTIVITY

30 min./B&W/$6.15/Contact: U. of I.

Discusses the discovery of radioactivity by
Becquerel and the ionization of alpha, beta, and
gamma rays. Explains and demonstrates the
principles of the Wilson Cloud Chamber.
0

4.ATOMIC PHYSICS, LESSON 9: RADIOACTIVITY
MEASUREZ2NTS (LAB DEMON)

30-min./B&W/$6.15/Contact: U. Of I.

The.Charadteristic plateau curve for a Geiger-
Mueller.coUnter is determined experimentally,
and measurements are made on a counting rate
meter to,verify the inverse square law..

ATOMIC:PHYSICS, PART 1: THE ATOMIC THEORY

9 min./B&W/$2:35/Contact: U. o I.

Starts-'with 'the basic theory prgpoSed by Dalton
.in.,1808, -and-outlines progress in-atothic study

during the nineteenth century, including
Faraday's electrolysis experiments and Mendeleee's
'Periodic-Table.

I

ATOMIC PHYSICS, PART 2: RAYS FROM ATOMS

11 min./B&W/$2.65/Contact: U. of I.

Demonstrates early work with cathode rays and
discovery of the electron; how positive rays
were discovered and their nature established; the
work of Roentgen with X rays; and the work of
Sir Joseph Thomson.

ATOMIC PHYSICS, PART 3: THE NUCLEAR STRUCTURE
OF THE ATOM

20 min./B&W/$4.45/dontaci: U. of I.

Reconstructs the early work of Becquerel and the
Curies on radioactivity, and explains Rutherford''S
theory_Of_the nuclear structure_of_the atom.
Moseley's work in support of this theory is
shown by animated diagram:

ATOMIC PHYSICS, PART 4: ATOM SMASHING THE
DISCOVERY OF THE NEUTRON

22 min./B&W/$4.55/Contact: U. of I.

Explains the work of the Curies and James Chadwick
in.the-discovery of the neutron. Discusses the

splitting of the lithium atom by Cockroft and
Walton. Einstein.explains'his theory of mass

and energy. The cyclotron and its use. is also

explained.

ATOMIC PHYSICS; PART 5: URANIUM FISSION

.22 min./B&W/$5.15/Contact: U. of I.
Reviews and explains events leading to the dis-
covery of uranium fission. Outlines developments

in the making of the atomic bomb. Peacetime re-
search and a hopeful look at the gurure are
discussed as.a closing for the series.

p

-AUTOMATIC PROCESS CONTROL

16 mm/33 min./color/sound/Contact: Instrument
Society .

The film discusses the four modes of contrel--
on/off, proportional, proportional with rOget,

. and proportional with reset and rate action--
and illustrates how a typical company's pro-,"''''

duct quality' and economic returns can be
improved with the addition of each mode.

BRATTAIN ON SEMICONDUCTOR PHYSICS

16 mm/30 mindb&W/sOund/Contacti- Bell
Dr. Brattain demonstrates thermal EMF, photo
EMF, rect-fication and optical properties of
semiconductorg. He introduces a simple
mathematical model to explain the obserVed.
properties. He also discusses the history of
semiconductor development and the impact of
new discoveries.
A booklet containing the film narration is
available on request,

CALIBRATION OF THE PLATINUM RESISTANCE
THERMOMETER

-16.mm/16, min./color/Sound/Contact: National
Bureau Standards

Shows the National 3ureau of Standards Pro-.
cedure for calibrating a platinum resistance
thermometer at the specified defining points
on the International Practical Temperature
Scale. Along with the procedure, the unique
and intricate equipment used at NBS for
calibrating at the defining points is seen
in this film.

CAPACITANCE--PART 1: PHYSICAL. AND ELECTRICAL
CHARACTERISTICS AND FACTORS AFFECTING 1
CAPACITANCE

l6'mm/29 min./B&W/1965 TF-11-3627/Contaci:
U.S.A.F4

Explains the characteristics, applications,
functioning; and effects of Capacitance on
electronic circuit.

-------

37

CATHODE RAY OSCILLOSCOPE

22 min./B&W/$2.15/Contact: U. of I.

Shows, through animation and drawings, the parti
of the cathode ray oscilloscope, and its oper-
ation and actual use for checking electrical
circuits. Indicates the limitations of the
ammeter and voltmeter for showing accurate
instantaneous current and voltage variation.

CATHODE RAY TUBE: HOW IT WORKS

17 min./B&W/$2.15/Contact: U.S.N. (Mn 2104)

Demonstrates the,tonstruction and function of
each part of the cathode ray tube and how it
produces visual images on a screen. Explains

electrostatic and electromagnetic deflection

4
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and -how, varied currents affect the position of
the spot-of light on the scope.

(THE)' CATHODE=RAY-TUBE - WINDOW TO ELECTRONICS

35 min.idoldr/f961/Coniact: Tektronix
The heart of the oscilloscope is its cathode-ray
tube, on whose screen the measurements appear in
graph form. This filM shows the steps in the
manufacture of this complex Componeilt. Using
animated sequences, it explaines briefly and

-SikilY how a cathode-ray tube works.

CERAMICS AND ELECTRONICS

22 mid:/color/1961/contact: Tektronix
Theimportance of ceramic materials and processes
in oscilloscope' development and manufacture is
described-in-thid film. It shows the use of
ceraffilamounting-strips and other partS in

instruments. 'Steps in bur manufac-
turing4TOessare are pictured.

CIRCUIT BOARDS; DESIGN AND MANUFACTURING
--

Contact: Tektronix
This filth, in full color, shows that electronic
_equipment today is more complex, yet smaller and
Morereliatle than it was a few years ago. This,

in part; haS been. made possible through the use
of solid:state circuitry andCircuit Boardi.°
Mefilm covers the complete process in the
des,ign and lay-out of high quality boards. Prob-
leMs and -their solutions are discussed. The

- complete manufacturing process is shown to the
.--final testing of the boards.

COMMAND AND CONTROL (SFP 1345)

18 min;/color/1965/ fit, TV. PS./Contact: U.S.A.F.
Defines the 473L data processing-concept in
giving speed and accuracy to'Air Force command
and control. Describ5p outdated manual method
of solving high level problems and emphasizes

--need:f6F-an eleCtionic approach to coping with
today's world crises. Simulates a sudden brush
war todemonstrate$473L capability in\answering
questions on weather, personnel, communications,
weapon. systems, medical facilities, etc.

COMPLEX WAVES I: PROPAGATION, EVANESCENCE AND
INSTABILITY (1967)

16 mm/26 min./B&W/sound/Contact; Education Dev.
Center

This film is one of W series concerned with
' electromagnetic fields and,forces as they inter-

act" With moving and deformable media- This
simultaneous display of the real phenomena with
its associate (computer animated), omega-k
dispersion relations demonstrates the effect on
the phenomena as the parameters of the system
are varied.

COMPLEX WAVES II: INSTABILITY, CONNECTION AND

AMPLIFICATION (1968)

Same as COMPLEX WAVES I.

COMPUTER GLOSSARY

..

Contact: IBM_ ---K.'

This film, in full color and in animation,
pictures a "fantastic voyage" into the com-
plex microcircuitry of a computer. It also

. defines in basic terms the terminology of
Computers today such as flowchart, boolean
logic, nanosecond and simulation to give the
viewer an enlarged understanding of electronic
data processing.

COMPUTER NETWORK ANALYSIS--AN ON-LINE
INTERACTIVE APPROACH

374

16 mm/9 min./B&W/sound/Contact: Bell Labs
This movie demonstrates the use of an ex- .

perimental softwave system at the.Bell
Telephone Laboratories for on-line,circuit
analysis.

0

CRYSTALS (0113-BLACK AND WHITE: 0114- COLOR)

16 mm/25 min. /sound /Contact :' McGraw-Hill-

Demonstrates the nature of crystals, how they
are formed and why they are shaped as they are,
Shows actual growth of crystals under amicro-
scope; discusses how they may be grown.. Re-
lates these phenomena to the concept of atoms.

CRYSTALS--:AN INTRODUCTION

16 mm/25 min./color/sound/Contact: Bell,

Thi"S'film introduces the subject of crystals
by demonstrating the orderly arrangement of
atoms in the crystalline state and the rela-
tion of this arrangement to the physical prop-
erties of the substances.

.

Primarily designed to provide an. introduction
to crystallograph for students' for electrical
engineering, it is appropriate for courses in
physics, chemistry; and metallurgy.

CRYSTALS AND THEIR STRUCTURES (4139)

16 mm/22 min. /B &W /sound /Contact: Modern
Learning Aids .

Crystals have plane faces, sharp edges, sharp
melting points, and may cleave easily to give
new plane surfaCed. The film riasesthe
question of how we actually discover these
arrangements. .

DESIGN AUGMENTED BY COMPUTER, DAC-I

16 mm/13-1/2 min./color/sound/Contact: G.M. .

One of the world's first operational man-
computer design systems has been developed by
and is operating at General Motors Research
Laboratories. The main features of this unique
facility are described in this motion picture.
For college engineering_ classes and other tech-
nical audiences interested in the latest



research developments in the new field of com-
puter -aided design.

DESIGNAUTOMATION AT IBM

16 mm/1871/2 min./color/sound/Contact: IBM--N.Y.

This dynamic movie features the Design Automation
System currently employed at the IBW:Endiocott
and Poughkeepsie plants. It highlights the use
of an IBM data. processing system as an aid for

Y.` engineering computer design and.nUmerical
trol'of-Proddction tools.

DIGITAL COMPUTER TECHNIQUES: INTRODUCTION.

(MN 8969A)

16:mm/16,min./color/sound/Cosatact: U.S.N.
. Provides a general introductW to digital com-
puters; explains the historical origins of
calculating de'vices; points out the-differences
-betWeen ahalog and digital computers discussing
the.principal-steps involved in-the solution of
PrObleMS subjected to the digital- computing

..process:

DIGITAL COMPUTER TECHNIQUES: COMPUTER LOGIC
(MN 1969-A)

16 mm/13 min./color/sound/Contact: U.S.N.
Explains -by means of animation the binary

-number system. .

DIGITAL COMPUTER. TECHNIQUES: COMPUTER LOGIC
SYMROLOGY (MN 8969-C)

16 mm/15 min./color/sound/Contact: U.S.N.
%ProVIdes a general. introduction to digital
computers, explains the historical origins of
calculating devices; points out the differences
betwee analog and digital computers, discussing
the principal steps involved in the solution of
problems subjected to the digital computing

process.'

DIGITAL COMPUTER TECHNIQUES: COMPUTER UNITS
(MN 8969D)

16 mm/24 min./color/sound/Contact: U.S.N.

biscusses in an introductory way the major units

of a digital computer. Describes the input unit
and how it reads the problem data and instruc-
tions, the output unit and-how "it delivers prob-
lem solutions in some form of output medium, the
arithmetic unit and how its, basic components
workand the control unit and the purposes of
sequencing, clockihg,.and timing.

DIGITAL-COMPUTER-TECHNIQUES: LOGIC ELEMENT
CIRCUITS (MN 8969-E)-2

16 mm/16 min./color/sound/Contact: U.S.N.

Illustrates how solid state electronics, are used

in modern computers. Shows how the circuits
-handle the input signals of high and/or low volt-
ages representing binary one'.s and binary zero's

.respectively, and how the proper output signal

isproduced.

DIGITAL COMPUTER TECHNIQUES: PROGRAMMING
(MN 8969-F) .

16 mm/15 min./color/sound/Contact: U.S.N.

Defines computer programming, explains what is
meant by analyzing the problem, shows how a
simple flow chart is prepared with symbols and
gives their meaning, and shows how instructions
to the computer are encoded in computer
language.

DOMAINS AND HYSTERESIS IN FERROMAGNETIC
MATERIALS

16 mm/27 min.lcolor/sound/Contact: Bell,
Building on material presented in "The
Formation of Ferromagnetic Domains," this film
develops the theories that are fundamental to
understanding hysteresis in magnetically soft
and magnetically hard materials and shows
motion pictures of domain -wall motion. A full

discussion of the origin of the coercive force
is.alsO included.

ELECTRIC-POWER-GENERATION IN SPACE-(HG.-NASA)

16.mm/261/2 min./color/sound/Contact: NASA

Shows the problems of generating electric power
in space and the methods used for different
power levels including the battery, solar cell,

and fuel cell.,'

ELECTRICAL POTENTIAL ENERGY AND POTENTIAL '

DIFFERENCE (PARTS I AND II) (0431-2)

16 mm/54 min./B&W/sound/Contact: Modern

Learning Aids
In Part I of this film, the mechanism by which
the battery estz.blishes an electric field in a
circuit is analyzed and the electric pftention
energy stored in such a system is measured
experimentally.and_explained.theoretically.
In Part II, is, shown how the energy trans-
formations in a steady current-carrying cir-
cuit can be obtained from measurements of
potential difference and electric current,
including the energy dissipated internally in
the batteries used.

ELECTRICAL QUALITY CONTROL OF RAW MICA USED

IN CAPACITORS

16 mm/9 min./color/silentContact: Bell Labs

ELECTRICAL SAFETY IN THE HOME

i4 min./color/$4.85/Contact: U. of I.

Tom and his father usean electrical safety -

inspection sheet as a guide in checking their
home for electrical hazards. Dad's explanation
of the principles of electrical safety is
dramatize3 by flashbacks to a demonstration.

ELECTRICITY: FROM POWER PLANT TO HOME

12 min./B&W/$2:25/Contact: U. of I.

375
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Visits,a power plant to present the basicfacts.
regarding the generation and distribution 6C--
electric pOWer from holm use. Magnetic induction
is explained through animation.

ELECTRICITY AND MAGNETISM, LESSON 1: ELECTRICITY

Shows-howthe electromagnetic compatibility.
program helps provide interference free
communications systems. Combines a variety,
of known interference effects with a simulated
missle launch and guidance and tracking
situation to emphasize types of degradation

AT REst- problem.

30-Min:/B&W/$6.15/Contact: U. of I. ELECTROMAGNETS: HOW THEY, WORK-

Demonstrates experiments_with_statib_electricity----
ihetaid-ed-betWein electrically charged bodies.

__ihowselectroscopes and-electrometers in use.

, ELECTRICITY AND MAGNETISM, LESSON2: COULOMB'S
- .LAW--ELkaTROSTATICS

'30 min./B0/$6.15/Contact: U. of I.
DiscUSSeS___the_lawof forCes-beiween electrical
charges, Demonstrates charging by induction and
discharginTby points.

__ELECTRICITY AND-MAGNETISM; LESSON-5: OWS,LAW

30-min.-/B&W/$6.15/Contact: W. of I.
___The,relation,betWeeh-iioltage, current, arid.

resistance demonstrated and treated ih detail.

ELECTRICITY AND MAGNETIM, LESSON 8 THE

- ELECTRIC FIELD' AND-P ENTIAL-.

-30-min./D&W/$64/Conta : U. of I.

-,%Defines and explains the anings of electrical
potential, potential differen e, electrical
-field, and intensity.

ELECTRICITY -AND MAGNETISM, LESSON 10:

CAPACITANCE

30 min./B&W$A.13/Contact: U. of I.
Presents and demonstrates the principles of
capabitance and the construction of fixed
variable capacitors.,

-ELECTRICITY AND MAGNETISK3 1.t6S2, :

ALTERNATING CURRENT THEORY

30 min:/B&W/$6.15/Contact: U. of I.
Introduces the concepts of inductance, inductive
reactance, capacitive resistance, and impedance
as fundamental principles relating to alternating

currents. Demonstrates levitation with an
operating.levitator.

ELECTROCHEMICAL REACTIONS
..

14 min./B&W/$3.15/Contact: U. of I.
Explains and demonstrates the principles on which
voltaic and electrolytic cells operate, the
actual operation of these cells, electrolysis,
electroplating, and the operation of a storage

- battery.

ELECTROMAGNETIC COMPATIBILITY (SFP 1404)
P

16 mm/14 min./color/sound/Contact: U.S.A.F.

:R.

11 min./B&W/$2.35/Contact: U. of I.

Presents the principles underlying the con-
struction and operation of electromagnets.:..,,

(THE) ELECTRON, AN INTRODUCTION

16 mm/16.min./Boi/Og 175/ContaCt:..U.S.O.E.
Nature of electrons; electron floW in solid
conductors; electrohotive force; types and
-control of electron flow; electron flow and
magnetic, fields;.and-induced eiectron-f16..

ELECTRONIC COMPUTERS.ANDAPPLIED MATHEMATICS

16mm/23 min./B&W/color/Contact: Colburn

Explains the basic principles and operation of
electronic-Computers and the use of Binary
Arithmetic so-that number systems and the
Place Value Concept are most meaningful.
Unusual uses of the computer stimulate interest
in Mathematics and'Science careers.

-

ELECTRONIC DATA PROCESSOR (THE) VCR 390

16'mm/20-min./color/sourid/Contact: NCR

This film describes the NCR 390, a digital
solid state computer built with modular con-
struction. It'depicts the four methods of
input and output, console keyboard, punched
paper tape, punched tabs cards, or external
magnetic memory-ledger4% 0

ELECTRONICS IN AUTOMATION

16 mm./22 min./B&W or color/sound/Contact:
.7 DeVry.7

many opportunities in the coming field of
automation electronics. DepiCts 'push-button
plant" of the future and shows applications -.

of electronic controls to production processes.
Shows recently developed computers and other_
eletfrbni&-deliiceS, also explains the part
automation is expected to play in modern
offices.

ELECTRONICS, LESSON ELECTROMAGNETIC WAVES

30 min./B&W/$6.15/Contact: U. of I.

Describes and demonstrates the.Leyden jar and
the discovery of oscillating circuits. De-

, scribes and demonstrates electrical resonance,
the propagatioh of electromagnetic waves, and
the principles of the Tesla coil.
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ELECTRONICS, LESSON 2: VACUUM TUBES

30'min./color/$9.90/Contact: U. of I.

Reviews the.historical development of wireless
and radio from Marconi to the DeFroest Audion.

ELECTRONICS,- LESSON 3: CHARACTERISTICS OF
-VACUUMTUBES (LAB DEMONSTRATION)

30 Min./B&W/$6.15/Contact: U. of I.
-DemonStrates-the measurement of grid-voltage
and plate current applied to the elements of
a-triode vacuum tube. From these, double
,characteristic curyes_a=e to be plot*ed:

ELECTRONICS, LESSON-4: OSCILLATORS, AMPLIFIERS,

AND- RADIO'

36_minW1301/$6.15/Contact:* U. of I.
Desdribes electrical circuits usin4 triode
vacuum tubes as amplifiers and as oscillators.
EiSdusses.a Simple radio transmitter and the
_prindTples.,of-a-loud-speake--

, ELECTRONICS, -ESSON 5: 'THE PHOTOELECTRIC EFFECT

r

_30-min:/B&06:15/Contact: U. of I.
'pemonStrateethe phenomenonof the emission of
electrons- frOMmetals, by the action of light,
andlexplains it through the Einstein photo-
lectripequation. ,Also demonstrates the
transmission of sound over a light beam.

. ELECTRONICS, LESSON 6:" ELECTROMAGNETIC WAVES

(LABORATORY DEMONSTRATION)

30 min./B&$/$6:15/Contact:, U.-of J.
VHF electromagnetic wave lengths. are shown by.

Standing waves on a conductor. Wave length of
'Microwaves is measured by reflection of a plane

ELECTROSTATICS (SECOND EDITION)

11 in./B01/$2.35/Contact: U. OF I.

Shows that a knowledge'of Static electricity
is fundamental to an understanding of modern

1 theories of-electricity.

ELEMENTS OF ELECTRICAL CIRCUITS

11 min./B&W/$2.35/Contact: U. of T.
Shows that electric current is a flow of elec-

trons controlled by circuits. Describes home
electrical circuits, and illustrates a short
circuit caused by faulty insulation.

ENGINEERING, CAREER FOR TOMORROW

23 min. /color /$6.45 /Contact: U. of I. :.

Answers many of the questions of the high-
school student who is interested in engineer-...

ing as a career. Shows various fields that

_are openi-n_engineering, Explains what each
engineer does and the status of ,engineers in

the world today. .

ENGINEERING,.-THE%CHALLENGE OF THE FUTURE

23 min./Color/1966/Contact: Bell

Students describe their reasons fOr chooting a
career in engineering, high school counsellors
and college engineering. Professors discuss .

qualifications and course requirements and
professional engineer's tellof thechallenges
they face in their daily work and the job
duties they perform. Potential engineering
students will,get a comprehensive view'of
what it takes;to become an engineer and the
variety of-careers available from the kinds
of people With whum they will study and
work.

-surface. . .

--- ---EXTRA HIGH VOLTAGE CpNDUCTOR

"ELEtTRONICSi LESSON7.;___RADAR-AND-TIr-7... .

. Contact: Reynolds . -

30 min./B&W/$6.15/Contact: U. of.I. This film, in full color, deals with new

--- ,. - - Describes the echo effect'of microwaves and ex -.. developments in Conductors for extra high

plains the use of wave guides. Prevents the voltages. The film shows some.of the first

principles of scanning and of the ifiage orthicon installations of. an eight million dollar

_
. , project whichisdlieLdompleted_in_1970.as used in tv.

.
. _ ------Reynoldg-bas produced and tested an extra

-

----ELECTRONIC5TTES5ON 8: GEIGER -MUELLER AND high voltage cable that is now in service.

'-- SCINTILLATION"COUNTERS (LAB DEMON.)
. .--

30 min./B&W/$6.15/cContact: U. of I.

Studies the countiWiate capabilities of the
Geiger - Mueller and_ scintillation counters. The

resolution time of the Geiger-Mueller counter is
determined from counting rate measurements.

ELECTRONS AT WORK (BASIC PHYSICAL SCIENCE SERIES)

14 min./color/$5.05/Contact: 'U. of I.,

Discusses-the characteristics and behavior.of
electrons,.-the relation between electrons and an
eledtric charge and the fact'that electrons Can
be used in many ways they are controlled.

0

(THE)FORMATION OF FERROMAGNETIC DOMAINS

16 mm/40 min./color/sound/Contact: Bell Labs

Provides a detailed elementary treatment of
the origin and behavior of ferromagnetic
doMain structures for.engineering students
and technical societies._ __

.FREQUENCY RESPONSE (PRINCIPLES OF)

16 mm/37 min./color/sound/Contact: Instruffielig

Society-
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Presents in non-math'terms the elements of fre- testing of Teistar I, withmphasis on quality
quency response as a tool of quantitative dynamic control. and reliability.
analysis of process control systems.

. GAP ENERGY AND RECOMBINATION LIGHT IN GERMANIUM

37 min. /8 &W /sound /Contact: Coronet
An optical experiment is performed to measure
the wavelength of the light emitted by the ,re-,
.combination- of excess hole-electron pairs in
the neighborhood of a p-n junction located near
the middle of the germanium bar.

GAS-TILLEDTUBES (PRINCIPLES-OF) (OE 353)
. .

16 mm/15 Min./B&W/sound/Contact: DU-Art -

Theory-of ionization applied to gac-fi'led,tubes;
control of current in circuits employiug gas -
filled- tubes; use-of"the gas diode as a-rectifier:
actiOnrof-the grid in a gas triode; and applicaT_ .

tion of thegas triode as a grid-controlled
rectifier. .

_,HARMONIC-OHASORS 119661

16 ren.O.min-/B&W/silent/Contact: Education
Dev.-Cehter ,

This film wasmadeas a part of the program pf
the National Committee for ElectricalEngineer-
ing"Filisprimarily for students of electrical
engineering; and was produced by Education.
Development Center under.a grant from the NSF,

PERITAOF A METER

e
16 mm/20-min./color/sound/Contact: Westinghouse

---Shbiiethe assembly of a Westinghouse magnetic.
meter. Fells'why, with the 'assets of good
engineering 'and design, this meter will take
the hardest service. under the most adverse

-

.conditions. .

.HYBRIb=INTEGRATED CIRCUIT
.
TECHNOLOGY

16 mm/20 Min./color/sound/Contact: 'IgML-N.Y.
This film_presents two-methtide-WTehich micro-
electronic circuits are assembled as IBM b
means "of a hybrid-intelyirfaa-RiProach.

IBM: "CLOSE UP

Contact: IBM--K.

This film, in.full color, presents a-look at
IBM, its people and their views of the tech-
nOlogy with which they are working. Included-

,. are glimpsed into real 1.1.1:e applications of

computers in education, medicine, space, and
textile design.

INSIDE TELSTAR--RELIABILITY IN THE MAKING

16 mm/20 min./color/sound/Contact,,,Bell Labs
Presents a pictorial history of the assembly and

INSTRUMENT ASSEMBLY AND PRODUCTION FLAK

27 min./color/1961/Contact: 'Tektronix
Produced as an instruCtionamotiOn picture,

this_filmdescribes the.ilow through one it&
our manufacturing-piants- of -raV4Art-erials and
purchased and Tektronix -made parts, from

receiving:through assembly and test, to ship-
ment- of-th& instrument.

INTROWCTION TO .RADAR .

22 mini/BW/$2.15/Contaci U. of I.
Gives, an elementary eispranation ofIradar,_

covering the basic tbory on which it operates,
nomenolature4,a9t/ he-different-kinds Of raaai
(detection, search, aircraft, warning, homing
and navigational aid). Includes a brief
description of PPI.

it
by setting

'problem and solving ft by radar. A 1944
production.

/

KINGSTON ENGINEERING LAB

16 mm/10 min./Contact: IBM--N.Y. .

Areas of research and developrient in the

Engineering Laboratory, (IBM) are described,
including thin films and cryogenics.

, (TH9'KLYSTRON
. N __

16 mm/17 mini /sound /color /Contact: McGraw-Hill
This film explains-the working of atwo-'
cavity klystron amplifier. An electron beam -
travelling from a cathode to .a collector
passes through two cavityresohatdrs.

. ,

MEMORY DEVICES'

. 16 mm/27 min. /color /sound /Contact: Bell
This film shows information storage-devices:.

--used-in-mo-dern computing machines' memories,
and explains how binary information_is--sto

378

Basic conepts and terms are explained and
examples of 'Mealinicali electro-mechanical,
magnetic, electrostatic, andphotographic .

memories are described. The following memory
.devices are shown; punched tapes, relays,
magnetic tape, magnetic drums, ferrite cores,
ferrite sheet, twistors, capacitor array,,."
bArrier grid storage tube, and flying spot
e
store:

MICROELECTRONICS AND MINUTEMAN II (MP-1045)

16 mm/color/sound/CptAct: Autonetics

DesCribes Autonetics' effort in designknitand
producing,. the world's first mierominiaturized

syste for the Minuteman II missile.

4r,if -)
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MICROELECTRONICS, LTHE) ROAD TO-RELIABILITY
_(MP - 1033R)

16 mm/29 min./color/sound/Contact: Autonetids
Starting with the earnest attempts to reduce
the size and heat generation of standard vacuum

the,filM shows the deVelopment of semi-
conductors from the first transistors to the
micro- miniature components bf today.

4

OSCILLOSCOPE-DRAWS A GRAPH

20 min./color/1962/Contact: Tektronix
_How. an oscilloscope works is described-simply
in words and pictures, in this non-technical:
film. The importance.of an oscilloscope: to-
science and industry is emphasized. The film
tells how o read information that isgriphed
on the oscilloSobpe's,cathode-ray screen.

MICROWAVE OSCILLATORS.,.-

18 min./B&W/$2.15/COhtAci: U. of I.

Ez:plains.the.basic theory and operation of ,thecimagnetro _aniciystron.

MINORITY CARRIERS IN SEMI - CONDUCTORS
..*

16.mm/26fmih./B&W/sound/Contact: Education
':Dev: Center

Th1S .f ilm- demonstrates the existence and be-
havior-Of injected excessminority_carriers in

modifiedNfOrm
- the haYnes-;Chockley drift-mobility experiment.

4

,MODERN_MANUFACTUAING-TCOMMAND PERFORMANCE (SFP
'

33-Min./color/1963/Pi for professionalor
specialiied groups only/Limited prints/.

.Contact:. U:S.A.F.
'Illustrates useof automation by industry to
reduce costs, - .improve qualitYand speed preduc;-
tign-: Shows how manufacture of plaits can be
programmed.so that computer tapes accurately
control. milling and stamping-machineS for precise
production-of precision. parts.

MOS -FET (METAL OZIDE SEMI-CONDUCTOR) (MP-1084)

PHOTOCONDUCTIVE EFFECT
. .

16,mm/16 mir/B&W/sound/Contact: McGraw-Hill'

The film opens by showing how the:photo-
conductive cell is highly,sensitive to'heat
radiation---Various methods of detecting and
measuring infra-red-radiation are illustra ed.

-

'

16 mm/14-Min./color/sound/Contact: Autonetics
. Graphically-discuSsesthe MOS device and explains
the-deSign, fabrication, operation, and appli-
'cation of the functions of the MOS device;
*thrOU§h-live-arl-daffiated-fdotage.

\ MOVIES FROM COMPUTERSIAN-INTEAM-REPO

PRIMARY cut, .

16 mm/11 min./sound/Contact:. Encyclopedia
Britannica

Explains dry dell operation in terms of electron.

action. Through_ animated drawings-and natural
.photography demonstrates ionization of an
eleotiolytei electron'frow, action at elec-
trodes, 'polarization, .and ft:notion of the

depolarizer.

-PRINCIPLES OF GAS-FILLED TUBES

15 min./B&W/$3.15/Contact: U. of. I.

Presents the theory of ionization as applied
to gas7filled cubes; the-control of-current
in circuits employing gas-filled tubes, the
use of the gas diode as a rectifier, action of
the grid in a gas-triode, and the application
of the gas triode as a grid-controlled

-.rectifier.

PRINCIPLES OF THE OPTIoALMASEB7--
_

36iin./color/1963/Contact: Bell
Dr. C. G. B. Garrett of Bell Telephone Lab.

RT__Thshcnp4showbasic_bysival-concepts-are-apptre,
o make an optici/ maser oscillate.
The:optical maser is examined as a generator.

of electromagnetic energy in the,optiCa range
of frequencies, having.many qualities similar
to standard radii:: and microwave Osbillators-.

The principal types of gas and solid as state
optical masers are Shown in the laboratory..

PRINCIPLES OF THE .TRANSISTOR (ADVANCED SCIENCE
SERIES).

-16 mm/20 min./A&W/sound/Contacty Education
Dev Center

...The film presents a number of extracts from
existing computet generated. industrial and
research films. The basic purppse if to
stimulate study and use of computer animation
-of:films-as a-basic tool for learning.

OSCILLOSCOPE :1 WHAT IT IS,' WHAT IT DOES

9 min./color, 1961/Contact: Tektronix

This non - technical explanation of the oscillo-

scope and its uses stresses the instrument's
importance as a basippaasuring_toolfor
electronics in paitrcillar and sCieppe and
industry in general.

21 min./B&W/$4.55/Contact: U. of I. .

Uses animation and demonstration to describe
the development, uses and theory of semi-
conductors, germanium diodes, and transistors.
Shows the early uses of semi- conductors in
crystal sets and:explains condUction in
conductors, Semi-coriductots, and insulators.
Explains in- detail how the germaniumdiode
and the transistor function, with details
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concerning the,crystai lattice. P- and N -type

.3ermanium, and'llole conduction._ Each animated
sec:ie:I:be of_ expianation.is followed by a

demonstrationob.ihe.principle. Discusses 1-

advantages of transistors incompUtors, radios, .

and hear_ing ads

PRINCIPLES OF ULTRASONICS (ADVANCED SCIENCE
SERIES) . 0-

18.Min./B&W/$3.95/aontact: U. of I.
. _

.DepictsIthe relatidffi,and rage of 'sonic and

ultrasonic waves. thows.how these-'waves are

detected and-varibUS types of wave generators
.

which can_be ued,tO propogate them: loud-

speaker-,.magneto,si*ictor, and crystal trans-
ducer: Explores the- :proper ties of ultiasonib

''':4waVes'and'the-uses1t8::which they can be applied.

PRINTED-CIRCUIT STORY_ _ _

16,W25-min./color/Sound/Contact: Bray
.Shows_hovkprinted circuits are manufactured from
-the,bare_laminate thipugh component installation
.on- etched and plated circuit boards. _ Introduces
recOMMended..tools andhelpful items for the

_

,
servicing-of printed'circuits as well as
repairability techniqueSlaccording to accepted
industry.standard practices.

,PRINTED:aIRCUITSAND THEIR REPAIR
.

.

-28-min. /color/1961/pEP,_TV,_TH, PS/Contact:
\

-U.S.A.F.
.pOWS how the accomplishment of many Air Force.
:missiens,iS.dependeneon.reliability of printed

. circuits. Covers metflodsbt manufacturing,
cleaning and xepaii.o.Demenstrates types of
emergency-repair. Also illustrates types of
tools used,'

PROPER HANDLING OFCATHODE1,..RAY TUBES

20 min,/color/1962/Contact: Tektronix
A-cathOde,,ray-ti-doid-ITaaricate - and delicate.
-Abuse not only represents money' lost but also
presents a hazard. This film shows clearly
the right and wrong ways.to handle CRTs, and
explains how to de-evacuate a cracked or other-
wise defective tube.

.
RADIO WAVES -- PLANET EARTH SERIES, (JPL 458)

16 mm/29 Min./corer/sound/Contact: 'Jet
Propulsion Lab.

A study of.the,Aature of the artificial radio
waves; an examination of the vast electrified
region above the earth and introducing the
subject of natural. waves.

RELAY (pg. NASA)
= - --

16 mm/28 min./color/sound/Contact: NASA

A,tebhnical documentary film of the-RELAY

communications spacecraft. Through the use of

V

animationt shows. the various components and,
ho0 they. are integrated within the spacecraft%

4: e ' w _ ,

RESPONSE OF A RESONANT SYSTEWTO A FREQUENCY
STEP (19§8)

12 min. /silent /Contact: Coronet'
This film is a computer pantoMime motion,picture
designed to be used As.fla'teacitig aid in
demonstration.funciadental concepts relevant to:
(1) linear system theory:* and:(2) frequency

modulation. Specifically, the role assumed
by transients in providing a smooth transition,
between initial and final steady-state con-
ditions is illustrated using rotating "phasors"
to portray the envelope and phase of modulated
signals.

. -

SECOND GENERATION'M1CROELECTRONICS

Contact:. Autonetics
This film, in full color, shows research,
development and systems applidations of ad-
vanced microelectronics. Evolution of inte-
grated circuits thin films, and ceramic
printed circuits to multifunctional IC's,
metal oxide semi-condUotors,, and silicon -on-

sapphire devices, and their application is
described. Future use of epitaxial ferrite'
micro-memory, silicon -on - sapphire stripline

waveguides, and Gunn-effect oscillators
cOnclude_the film:,

SECONDS FOR SURVIVAL (SFP 1043)

28 min./color/1960/PE, TH./Contact: U.S.A.?.,

DesCribes NO8AD-ADC-SAC alert system of which
the Dew Line, MEWS, and separate radar and
aircraft control and warning systems thrOugh-
out the world are important facets'. Narrator
is Raymond Massey.

SEMICONDUCTORS, PART 1: DIODES AND TRIODES.

21 min./B&W/$4.15/Contact: U. of I.
PreSents the basic physics and theory of hole
and electron flow in semiconductor materials
as related to the P-N junction and`funda-
mental principle's that apply to junction

'rectifiers.

SEMICONDUCTORS, PART 2: LOW FREQUENCY
AMPLIFICATION

22-min./8&W/$4.15/Contact: U. of I.
Presents the fundamentals of transistor low-
frequency amplification; a brief review of
electron and hole flow, P -N junction charac-
teristics, and transistors symbols; the build-
up of amplifying circuiti,.a discussion of
common emitter, base,Aand collector, circuits;
and a detailed-analysis of the'operation of

/V the common emitter and common.base,circUirs.

380



_
1

StMiURITIED=iN WAVE BEHAVIOR

16 mm /26 min./B&W/sound/COntabt: Bell labs -----

_-In this film, pr. J. N. Shive, Director of the-'
Education and Training Center at Bell: Telephone
Laboratories, discussfts the' similarities that

exist int.the behaviorof 1:;aves-in (various

s'.inechanical, electrical; acoustical, andoptical

systems. .

SOLVING THE UNBALANCED BRIDGE*(WITETHEVENIN'S
.

.

16-mm/16-1V2.min./B&W/9oV/Contact: Tektronix

. This is'a.lecture film given by Nelson Hibbs.
It ishe.seconU parein a series on Thevenin's
Theprem. Presented in the same manner as pre -

,vicus film. With the first film on Thevenin'g
''Theorem as a basis, thig:film takes a typical
example, the. unbalanced bridge, and shdis hoW
simply thispioblem is solved uqingThevenin.

SOUNDS:OE-PROGRESS

34 min. /color /1963 /Contact: Tektronix
Several Tektronik manufacturing activities are
-shown:in this filme.including metal, plastics,

. tooling, electrochemical and front - panel.

production.

i(THE) SQUARE WAVE

16 mm/25 pin./B&W/soundieontact: Tektronix
A square wave is one of the most useful types
oE test signals\ -In many cases it is` much more

useful than the sine wave in electronic testing
and design. This filmoed.into the theory of
the square wave,, analyzes it and shows that a '.

single'sqUare wave actually consists of a series

of sine waves'.
.

STANDING WAVES ON TRANSMISSION LINES

16-pm/23 min./B&W/MN.1540-K/Contact:, q,s,N.
Bymeans:of.animated diagrarcm,.laboratory.
demonstrations, and-diverse anaia,ges explains
the causes, results, and-prevenion of standing
Viaves, in-radio high frequency` transmission lines.

TECHNICIANS FORTOMORROW

-.
Contact: Cons. State Dept.
A l6 mm color film prepared by the Connecticut

'State Department of Education.which.presents
the story of engineering technicians and the
programs at Connecticut technical institutes.

TEKTRONIX: THD WORLD OF MEASUREMENT

2.min./Oolor/1466/Contact: Tektrodix
This film introduces Tektronix and describes its
product, the oscilloscope,.and its importance
in making precision measurements in a very wide
yarietp-of scientific and technical applications.
The viewer receives a "tour" of cur industrial

park and its manybUildings, highlighting.our
varied malufactUring pkticesses.s._ Comport-ant,

-rathOderay tube, ceramics and bransformer
manufacture; toolmaking; metalDtbricationi
instrument assembly; testing,andicalibration.

1

TEKTRONIX ON THE ISLE OF GUERNSEY .% _

a

22 minv/color41962/COntact: Tektronix '

Aiwiaportintpart of. TekVrodix'..overseas
activity as ourmanufacturing operation on
the English Channel Isle:of Guernsey. .This

.film describes the island%s history and shows
its scenery, people ancPindugtry particularly
Tektronix' plant, aepictingZhow it fits .into

the" isYand's economy.

THERMOELECTRICS

16 4m/18 min./sound/Contact: Ndustrial Ed.
first and only film Orr-the-practical

a: aication of thermo7electricity--the new'
technology that is-reVaautionizing the
approach to cooling, heating, ancl.teMperature.

control. The film explains concept and prin-
ciples oi-thUrmoelectrics, demonstratA'
techniques for it7tying principles, 'Portrays
scores of throughtprmoking
and giveg considerations in specifying fair

thermoelectric deyices.

TREVENIN'S THEOREM

16 md?12 Min./B&W/sound/Contact: Tektronix
This is a lecture film giyen by Nelson Hibbs.
Using the black board and Charts as props, a
lectuke is given on the usefulness of
Thevenin's Theorem and how to use it in a
practical application.

THIS IS AUTOMATION

/6m/30 min./color/sound/Contact:
Defines automation and illustrates industrial
applications of the principles of automation
in the manufacture and packagirig'of a variety

of products:

GE

.TIME AND .QUANTITY

27 min./B&W/1962/Contact: Tektronix-
Originally presented as part of a television
program, this film relates oscilloscope
measurements to other measuring techniques.

(THE) TRANSIENT BEHAVIOR OF THE DIODE
-,

.
. .

16 mm/19 min./cOlor/sound/Contact: .McGraw-Hill
The application of a square wave voltagepulse
to a diode creates a current pulse oa com-
plex form w ich is difficult to'interpret.
However, by utilizing the concentration graphs,
the film-gives an explanrition of the transient

phenomena that occur.
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(THE) TRANSIENT BEHAVIOR OF"THE TRANSISTOR

i6 mm/17 min./Color/sound/Contact: McGrawHtll
When a.itepped-voltage pulse is applied to the
input of a tranhistor,.the curve of the output
Current as a functieil of time will show devi-
ations'from the rectangular_form. The rise-
time-tr and the fall -time tf are discussed with-
the help of the'cOncentration graphs. '

(711E)- TRANSISTOR

.4f
16 mt09,6 min. /color /sound /Contact: McGraw-Hill
This film explains.the*working of a P-N-P
transistor.

(MODERN) TRANSISTOR FABRICATION TECHNIQUES

i6 mm/35 min./color/sound/Contact: Bell Labs
Shows-hOw-modern diffused epitaxial transistors,
developed,biBell Telephone Laboratories, are
Manufactured byWestern Electric Company. Shows

how thetechnologynsed to, make'tbese transistors
ViedAo make many other types of trahr

tisters-,and integrated circuits. .Included in
descriptions of diffusion, the

Photd=resiiit technicvegrand -other steps and

. contrdls re7tuired to manufacture the'se ..ran-

;
-

-sistors. "

(THE) TRANSISTOR STATES ar OPERATION

16 mm/19 min./color/sound/Contact: McGraw-Hill
\ o The -four states of operation of a transistor

.92at-cccur in switching applications are examined.

.PC-both junctions are biased in the reverse

. 4ireC,tion the transistor operates in the "cut- .

pff" state,

TRANSISTOR STRUCTURE AND TECHNOLOGY

min. /color/Contact: Coronet

This film begins with a desCription of how the
alloy jupOtion transistor (PNP)'is made,
followed by a discussion of the limitation of
its speed and voltage characteristics., The
characteristics of PN1? and NPNN types are
'didScvsed. .kahricatidri'Of NkNN transistors

is shown.

4 . TRANSTSTORS1 PART IV. - -PULSE APPLICATIONS

.16 mm/39 min./8&W/1963/TF 11 -3051 /Contact: U.S.A.

Features'and applications of square, saw-toothed
, and spiked pulses; how transistors form:various
multivibgatorS%

-TRANSIST644. HIGH FREQUENCY OPERATION--
. AMPLIFIERS AND OSCILWORS (MN 8479.73)

16 mm/14- min /B&W/sound/Contact: U.S.N.

Describes/ow transistors operate. in high fre-.
gliencOinplifiers and in oscillator 'c4cuits;
shows theinfluence of .transit effects in the

A,b4e; explains collector capacitance and base
-'dresiitanpe on high frequency perforlance.

-

TRANSISTORS: LOW AMPLIFIERS

(MN 8479-d)

16 mm/15 min. /8 &W /sound /Contact: U.S.N.
Shows how transistors are used to amplify low
frequencies in common base, common emitter,
and common collector circuits. Explains,
transistor functions for a common base
-amplifier aridta common emitter amplifier, and
refined common emitter amplifier circuits.

TRANSISTORS: MINORITYCARRIERSAMN 8479-c)

.16 mm/10 min:/4W/sound/Contact: U.S.N.

Introduces the principles of minority carricrs,
shows hdw they produ.:e a small reverse, cur-
rent under normal. conditions, and demonstrates
the limitationtimposed on'transistor behavior
by minority carriers when the transistor is
heated or loaded:

TRANSISTORS: Putt JUNCTION FUNDAMENTALS
(MN 8479-a) '

11 min. /,8 &W /sound /1957 /Contact: U.S.N.
Theory and mechanisms offteemi-conductor diode
and transistor action. Principles that_apply
to all transistors and junction rectifiers.

1.

TRANSISTORS: SERVICING TECHNIQUES (MN 8479-0.
/

17'minA&W/sound/1960/Contact: U.S.N.'
Calton failures cuch as opens; shorts, high
leikagegprrent, low gain and problems in
localizing them. ,Demonstrates special
s.:rvicing tecl.niquos used with transistorized-

equipment.

TRANSISTORS": SWITCHING (MN 8479-f)

14.min./8&4/soundA959)Contac .

Examples of switching, circuits in transf.storiz-
ed compuqts. Concept of 'digital computation,
and how transistors are used: }ow a simple
trandistoi switch works. .Minority carrier
storage in base. How.delaying effects of
storage are overcome.

TRANSISTORS TRIODE FUNDAMENTALS,(MN 8479=b),

10 min./8&W/sound/19'7 /Contact: U.S.N..

How junCtion transistors consist of three
.sections with two P=iN junctiolp separating

. them: Fundamentals of arrangement as
amplifying device.

382

4t 0

TRANSMISSION LINES .

.e.
.

,

16 mm/2- 3 min./R&W/sound/Contaci:, Tektronik .

This filM' deals.with some of the basic,funda7
mentals of transmission lines A considerable
amount of animation is used to illustiate the
-manner in which electribal energy is trans-
mitted along a line. '

..

-
.

'.1.

/

,
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T_ RANSRESISTANCE: A SIMPLIFIED APPROACH TO
,TRANSISTOR-AMPLIFIER ANALYSIS

23 min./B&W/1966/Contact: Tektronix
Transresistance is a new concept of looking at
transistors that permits rapid estimates of their

.operation in normal amplifier circuits. The

approach is similar to understanding.mutual.
condubtance inwacuum-tube circuitry.

TRANSRESISTANCE, AN APPROACH TO TRANSISTOR
AMPLIFIER' MALYS IS

421

Contact: 'Tektronix
This filial is a 'lecture type picture showing the

-concept of.Tiansresistance applied to the de-
sign and'analysis.of transistor amplifiers.

. 'this approach makes it easy to determine the
'operating points, the current and the gain
needed. It is ssuMedthat the viewer has a

.badia-understand ig of electronics ano tran

---siStorS.

'TRIODE--PLATE CHARA ERISTICS

mM/15-344 min.eB&W/s unit /Contact: Tektronix
A family.of Idate=charaAeristic curves tells
an electronics 'techniciin many things about the
behaviorof a particular vacuum tube. 11-is film

discusses the'plate curves for a typical triode--
,
a 60,78.

,VECTORS ,(AN INTRODUCTION TO): COPLANAR
CONCTIRENT FORCES1)

16 mm/22 min./B&W/sound/Contact: W.S.U.

Explains'the meaning of scalar and vector
. quantities;- -how to.ada scalars and vectors;

methods:of vector composition and vector
resolution; relationship between vector com-
position and vector resolution; and how rectors

4 may be used to solve engineering problems.

WAVE VELOCITIES, DTSVERSION, AND THE OMEGA-BETA
'DIAGRNW (1969)

28 Min./Contact: Coronet
This film considers traveling waves and the way
tiley:propogabe-tnrough transmission systems.

It is designed to be used in connection with
lectureson phase velocity; tpfoup veloCity,
backward waves,` and dispersion and to show how

Wave characteristics are.displayed on the
omega7beta diagram. Mathematical derivations,
are asumedto have been done prior to viewing
the film, which. concentrates on visualization
of the concepts through animation and experiment.

WIRE FOR,SOUND

10 min. or/1962/Contact:
Gobehind,the scenes at Western Electric.and see
the complex story of wire production. Starting

with molten jopper, this award - winning, film
4'

progresses, through the mill operations, cable
manufacturing, storage and installation. After
a few introductory words, the whole story is

told by spectacular color phdtogiaphy, accented
by an exciting Musical score.

YOUR CAREER AS AN ELECTRONICS TECHNICIAN

27 min./coldr/$8.25/Contact: U. of I.'

Discusses appropriate high - school courses for
the person interested in becoming an elec-
tronids technician, various ways of obtaining :

further training, and the kinds of jobs open

to well trained technicians.

ZONE MELTING

16 mm/45 min./color/1959/Contact: Bell

Describes"a new method of ultra-purifying
solids and controlling the distributionof
impurities for tqlids. Prepared by William
G. Pfann, the inventor, of Zone Melting.

BIBLIOGRAPHY

A Notebook o6 FitAL6 6.9a Engineiaing

Education (FaCC1
k

National Academy of Engineering
Commission on Education
2101 Constitution Avenue, N.W.

Washington, D.C. 204i8

A. Force Fitm Viuctoay
, .

.AFM-95-2
Volume II
DepartMent of the Air Force
Washington, D.C. 20000

Catalog o5 Educationat Fitm

University of Illinois

Champaign, Illinois 61820

Educatou.Guide to Fite Fame' (Animal

Educators 'Progress Seri/ice

Randolph; Wisconsin 53956

.-Lecaning kita

Bell Telephone. Company
Local Office

Navy Film Viaectoity

Film Library
Department 'of the Navy

Great Lakes, Illinois 60088

Tektron)x Film Catatog

Film Library.

Tektronix, .Int.

Beaverton, Oregon 97005
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ADDRESSES FOR FILM SOURCES

Autonetics

Autonetics Division
North American Rockwell Corporation Film.Library
Public Relationi Department
3370 Miraloma Avenue
-Anaheim, California 92803

Bell
Bell' System Busineus Office

(Consult your telephone'directory for the office
nearest you)

Bell Labs

Bell Telephone-Laboratories, Inc.
Film Library
Room 1F -108

.Murray Hill, New Jersey 07Q71
. _

.Biay .

Bray Studios, Inc.
729 7th Avenue

_New_York,,New.York 10036
- .

Colburn
Co/bUrn Associates, Inc.
'1215 Washington Avenue
Wilmette, Illinois' 60091

onn. State Dept.
Connecticut State Department of Education
Room 355, Visual Aids' Department
State Office Building
Hartford,, Connecticut 06115

. Coronet'

Coronet Films
65 E. South Water Street
Chicago, Illinois 60601

DeVry

DeVry 7!,chnical Institute
4141 West Belmont
Chicago, Illinois 60641

DU Art
DU Art1.1m Laboratories, Inc.
U. S. Government Film Services
245 West 55th Street
New York, New York 10019

Education Dev. Center
Education Development
Film Librarian
39 Chapel Street-
Newton Maisachusetts.

Center

02160

Encyc'opedia Britannica
Encyclopedia Britannica Education Corporation
425 North Michigan Avenue
Chicago, Illinois 60611

G. E.

General' Electric Company
1 RiverlRoad

Schenectady, Nil York 12301

384

G.M.

General Motors Corporation
3044 W. Grand Boulevard
Detroit, Michigan 48202

Industrial Ed.

Industrial Education Films, Inc.
196 NaSdau Street
Princeton, New Jersey 09540.

Instrument Society
Instrument Society of America
Penn Sheraton Hotel
530 William Penn Place
Pittsburg, Pennsylvania 15219

International Business Machines
Film Activities
Department of Information
590 Madison Avenue,

New York, New York. 10022

IBM--K. --
International Business Machines Corporation
Film Library
Department #957 . -

Lexington, Kentucky 40507

Jet Propulsion Lab.
Jet Propulsion laboratory
Photographic Services Film Library
4800 Oak Grove. Drive

Pasadena, California 91103

LeRC
LeRC
NASA Lewis Researbh Center
Office of Educational SerVices
21000 Brookpart Road,
Cleveland, Ohib 44135



"McCraw -hill

McGrattIllill'BoOk Company

Text Film Division .

330 West 42nd Street.
New York, Ne%:p7ork 10035

O

114,dern Learning Aids
Modern Learning Aids
1212 Avenue Of the Americas
New York, New York 10036

4

1:1ASA

Natjional Aeronautics and Space Administration.
Weadqn7arters

_WaShthgtah. D.. C. 20546

National k'areau'Stendard5
VatiPpal Bureau of Standards
Office Of Technical Information and PubliCtions
WaShingtoh, D. 2. #20234

NCR
National-Cash.Re§ister Company
Audio Visual Department
Marketing Services
Sugar Camp
Dayton, Ohio 4546)

Reynolds
Reynolds Metals Company
Motion picture Department
6603 West Broad Street
P. 0. lasx 2346

Richmond, Virginia 23218

Tektrbnik
Tektronix, Inc.
Film.Library . - '

Delivery Station 50/420
---P:-0.-Boi-500

Beaverton, Oregon 97005

United States Air Force
AF Form 253C
USAF Central Audio-Visual Library

AF Audio-Visual Center
Norton AFB, california 92409

U.S.A. .,--

JhlitedvSiates Army
Signal Offipes, Military
District of Washington

-Washington, D. C. 20310

U.S.A.E.C.
United States Atomic:Energy Commission

4 Sandia Laboratories, Chicago Operations Office.
Office of'Information
9800 South Cass Avenue
Argonne, Illinois 60439

U.S.N.
United States 1,1avy

9th Naval Dibtrict
Buzlding 1
Great Lakes, Illinois 60088

U.S.O.E.
United States Office of Education
Washington, D. C.

U. of I.
Univemity pf Illinois
Jisual Aids Service
.Division of University Fxtansion
Champaign, Illinois 61820

J. of Iowa
',University of, Iowa

Bureau of Audio Visual Instruction
Extension Division
Iowa City, Iowa 52240

U. of IL' -

University of Michigan
Audio Visual Education Center
416,-4th Street
Ann Arbor, Michigan

W.S.U.
Washington State University
Visual Aids Department
Pullman, Washington 99163

.

Westinghouse
Westinghouse Electric Corporation
Film Division
No. 3, Gateway Center
Pittsburg, Pennsylvania 15201

ste

3

C.
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SUPER 8 mm FILM LOOPS

A

ALTERNATING CURRENT THEORY

Animated Electronic Films
P.O.. Box 2026

Eads Station
Arlington,-.Virginia 22202

j. The Undampened Oscillation

2. The Dampened Oscillation

S. The RC TiMe Constant

4. The RL Time Constant

5. Series RL Circuits

6. SerieS RC Circuits.

7. Serics.RLC Circuits, Part 1
.

8. _Ser4es RLC Circuits, Part 2

9. Parallel RL Circuits

10. Parallel RC Circuits

11. Parallel RLC Circuits

12. PatallelLC.Circuitc

"11. Basic Transformer Action

BASIC ELECTRICITY

Animated Electronic Films
Y. O. Box 2026
Eads Statiqn
Arliheten, Virginia 22202

1. Resistors in Series

2. ReSii'iors in Parallel.

3. "Capacitor ConstrUction and Actions

4. Inductance Principles

5. Inductor Construction and Actions

6, The RL Time Constant

7. The Undampened Oscillation

8. The Dampened Oscillation

9. The RC Time Constant

CALCULUS

Harper & Row,Audiovisuals
2350 Yirginia Ayenue
Hagerstown, Maryland 21740

1. TaylorSeries I

2. Taylor Series II

3. Newton's Method

Mean Value Theorems

5: Conic Sections

386

6. Conic Sections: Ellipse

7. Conic 8ectirins: Hyperbola

8. Coliic SeCtion: Rsrabols-

9. Indeterminate Forms

10. The Function of xn sin (i)

ELECTRIDWADIETISM

Sales Promotion D;partment
Ealing Film LoopS
2225vMassachusetts Avenue
Cambridge, Massachusetts. 02140

.,

and also available .fromA
Harper & Row AudiovisUals- 4
2350 Virginia Avenue
Hagerstown, Maryland 21740

1. theMaghetic.Field
f

2- Monopole0 and Pipores

3. The Field frali a Steady Current

4. Uniform and nonz-Uniform Fields

S. The Field as a Vector

6." Field-vs-Current

7. Field-vs-Distance

B. Field: The Force on a"Current

9. Meters .

10. Motors

11. The Concept of Changing Flux

12. Faiadgly's Lat of Induction

ELECTROSTATICS.'

Syracuse University
L. C. Smith College of Engineering
Syracuse, New _York 13210
ATTENTION: H.R. LePage, Chairman

*Regular 8mm Loops

1. Electric Charge

2: Transfer and Distribution of Charge

3. Coulomb's Law - Variation of Force

with Charge

4... Coulomb's Law - Variation of Force

with Distance

5. -Exercise Problems

r_



Sales Promotion Department
Ealing,Film Loops
2225MassaChusetts Avenue
Cambridge,. Massachusetts 02140

also available from

Harper & Row Audiovisuals
2350-Virginia Avenue
Hagerstown, Maryland 21740

1. Introduction £v Electrostatics

2. Insulators and. Conductors.

- 3. Electrostatic InduCtion

4.- The Electroscope

-S. Charge Distribution:

'the Faraday Iee_Pail Experiment',

,Charge Distribution:
4 . .

. Condentratibn and Point Discharge

7. The Van de Graaf Generator

-

. 8,.-The- Photoelectric Effect

9. Capacitors and Dielectrics

10: Problems in Electrostatics

THE SLIDE RULE

Univeisitypf Iowa. .

Bureau of Audio Visual Instruction
EitenSion Division

-_Iowa City, Iowa 52240

also available from
_

,SalesPromotrOn-Department.
.Ealing Fili Loops
2225 Massachusetts Avenue
Cambridge, Massachusettp 02140

Harper & 41,40W Audiovisuals

2350 Virginia Avenue
Hagerstown, Maryland 21740

.1. Why It Works.,

2. Reading and,Handling

3.. Multiplication, C.& D Scales

4. Division, c14 Scales. -

C I Scale

6. Sciaaies, Cubes, and Rodts

7. Two-Digit Practice

8. Three7Digit.fracrice

e

..

TRANSISTOR CIRCUITS

Animated Electric Films
P. O. Box 2020
Eads Station
Arlington; Virginia 22202

1., Transistor Characteristic Curves:

2. Audio Voltage Amplifier

3. DirectCoupled Amplifier.

4, Free Running Multivibrator

5. Tuned Collector Oscillator :.

TUBE CIRCUITS

Animated Electronic Films
P. O. Box 2026
Eads Station
Arlinkton, V 22202

387

I. -Diode-Detector.

2. Full Wave Rectifier Flower Supply

3. _Tickler Coil Oscillator

4. Triode D.C. Load Line

5. Triode Transfer Characteristics

6. TriO4e Plate Characteristics

7. Triode Transconductance (Linear)

S.. Triode Transconduetance (Non-Linear)

9. Triode Amplification Factor_(Linear).

10..Triode Amplification Factor (Non-Linear)

11. Triode Plate Resistance (Linear)--

12. Triode Plate Resistance (Non-Linear)



APPENDIX C-

SUGGESTED TEXTS AND_ BIBLIOGRAPHY

Staiti.ng on the oppas,ite page i)s a tizt,i.ng o6 ,suggezted
. textbook's and h.e.6eAg.nce4 6cm, the techn,i.cae-cotvuseis'o4 an Eeec.-
,t4on.,i.e's Tichnaeogy Cumicuttim. The addne4622 o6 the pubLizheibs
ane pied ended at the end o6 thus The...ecat de.ction o(

Appencti.x. C contain.6 a bibti.ogkaphy.

:
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SUGGESTED TEXTS AND REFERENCES

Included in this Appendix section are suggested text and-refer-

ences forcirduit'analysis areaelectronics area, handbooks, mathe-

riliiics, and physics. This list is by no mans -inclusive but rather

a representation of those ay.ailable.for electronics technology at the

time of this report. - - -.
. ,

Rather than repeating the addresses of publishers each time, a

complete list is presented at the end of on.sk i-secti

k

CIRCUIT ANALYSIS

Babb, D.S., Resistive CircUits,,,International
Textbook co., 1968.

Balabanian, Norman, Fundamentals of Circuit

Theory, Allyn and Bacon, Inc., 1964.

Balabanian, Norman & Bickart, Theodore, Elec-

trical Network Theory, John Wiley '& Sons,

'1969.

Boylestit, Robert, Introductory Circuit Analysis
Charles E, Merrill, 1968.

----; L-
. Carter, Robert C.,Introduction to Electrical

Circuit Analysis, Holt, Rinehart, & Winston, -

1966.

Close,'4harles 1.C., The

Culls, liarcourt, ace, & World
7---7

Cutrer, Phillip, Outl ne for DC Circuit
McGraw-Hill, 1968.

-

Cutler, Phillip, and Hoover,

Circuit -Analysis: Passive

Hill, 1960.

Edminister, JesPpli, Electric Circui
1965.

Fishe, K.A. & Harter, j., Direct Curre Circuit
Analysis Through Experimentation, Te nical
Education Press, 1966.

Friedland', B. ,'Wing, 0, and. Ash, P., Princi es

of Cinear Networks, McGraw-Hill, 196k.

Jackson, H. W., Introduction to Electric Cir-
cuits, Prentice-Hall, 1970."

Jensen, R. and Liberman; M., IBM Electronic Cir-
cuit Analysis'Program, Prentice-Hall, 1968.

N

Leach, Donald, Basic Electric Circuits, John
-Wiley & Sons, Inc., 1969.

Mandl, Mattheii;-FundaMentals of Electric
and Electronic Circuits,
1969.

Prentice-Hall,

Romanowitz, H. Alex. Electrical Fundamentals
and
Inc., 1966.

.
. .

.. - v .

Romanowitz,,H. Alex -, Introduction to Electric
Circuits, John Wiley & Sons, 1971.

. . . . .
. , .

Spei el, Murray, LaPlace Transforms, Schadm'S
tline, McGraw-Hill, 965.1966.

Analysis,

rdy, Electronic
tworks, McGraw-

A

Stanley,W.'TransfOrm Circuit Analysis- for
-Engineering and Technology:, Prentice-
Hall, 1968.

Strum,-Robert and Ward, John, LaPlace
Transform Solution of Differential
Equations, Prentice-Hall, 1968.

Temes, Lloyd, Electronic Circuits for
Technicians, McGraw-Hill, 1970.

Van Valkenburg, M.,Network Analysis, PrentiCe-
Hall, 1965.

Zeines, Ben, Introduction to Netork Analysis,
Prentice-Hall, 1967.
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ELECTRONICS

.

Angelo, E.J., Electronic Circuits, McGraw-Hill,
1964.

.

Angelo, James., Electronics: BJT's, FET's and
. Microcircuits, McGraw-Hill, 1969.

.

Babb, Daniel'S.,ulse Circuits:zSwitching'ande.--
.,.Shaping, Prentice-Hall, 1964:

.Bniteei-Thomas C., Digital Computer Fundamentals,
McGraw-Hill, 1966.

Benedict, R., Electronics For Engineers and

:I. Scientists,. Prentice-Hall; 1967."

_ronson, Lane, Introduction_To_Electronics,
:-Pientice-Hall, 1967.

0

Brazee, James, Semiconductor and Tube Electronics,'
. --Holt,' Rinehart, &Ilinston, 1968.

Bryan, d.T., Control Systems for Technicians,
Hart.-Publishing Company, 1967.

Chow,Wod F., Principles of Tunnel Diode Circuits,
John Wiley & Sons, 1964.

Cowles, Laurence G., Transistor Circuitsjand_____
-Applications;-Preiitite-Hall, 1968,

Cutler,'Phillip, Semiconductor Circuit Analysis,
McGraw-Hill, 1964.

_

-

Cutler, Phillip,-Electronic Circuit Analysis,
'Volume 2-Active Networks, McGrawAL11,-1967.

boyie, John M., -Ruse Fundamentals, Prentice -Hall,
. 1963.

'Doyle, John, Thin -Film .and Semiconductor-
". "integrated Circuitry, McGraw-Hill, 1966.

Durling,Allen E., An Introduction to Electrical
Engineering, The Macmillan Company, 1969.

Evans; Walter, Introduction to Electronics,
PrZiltide-Hali, 1962.

Freedman, Rite, & McGinty, Basic Electronic
"Autotest", PfentiCe-Hall, 1965.

Gillie, Angelo C., Pulse and Logic Circuitry.,
McGraw-Hill, 1968. .

Gray, Paul & Searle, Campbell, Electronic
Principles-Physics, Models, and Circuits,
John Wiley & Sons, 1969.

parris, Gtay, & Searle,

cults, John WeY-&

Herrick, Clyde, Unified
Prentice -Hall, 1970.

Digital Transistor Cir-

Sons, 1966.

Concepts of Electronics,

390
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Herrick, Clyde, Introduction to Electronic
Communications, Charles E. Merrill, 1969.

Hibberd, W. G. Integrated Ci
Course for Engineers and
McGraw-Hill, 1969..

Jensen, Randall & Liberman,
tronic Circuit Analysis
Hall, 1968.

uits: A Basic
4;04inicians,'

Mark, IBM Elec-
Pregrae, Prentice-

Keonjian, Edward, Microelectronics:. Theory,

- Design, and Fabrication, McGraw-Hill,
1963.

. .

Khambata, A.J., Introduction to Integrated
Semiconductors, John Wiley & Sons, 1963.

,

Walter M., Electrical Instruments &
:14eastireMents, McGraw-Hill, 1969.

7 .

Leach, Donald; Transistor-Circuit-Mditiiriffients,

McGraw-Hill, 1968.

Lenert, Louis, Semiconductor Physics, Devices,
and-Circuits, Charles E, Merrill Oubi. 'Co: .

1968.

Levine, Sumner N., Frincipps of Solid State
Microelectronics, /jolt', Rinehart, &

Winston, 1964.

Levin, Herman,'Introduction to Computer
Analysis: ECAP For Scientist and'Engineers,
Prentice-Hall, 1970.

- .

LittaUer, Raphael, Pulse Electronics, McGraw-

Hill, 1965. .

Lowenberg, Edwin, Electronic Circuits:,
Outline, McGraw-Hill, 1967.-

Lurch, Fundamentals of Electronics,
John Wiley & Sons, 1966.

Malvino, Albert, Electronic Instrumtntation,
Fundamentals, McGraw-Hill, 1967.

""NN

Malvino, Albert P., Transistor Circuit ,
Approximations, McGraw-Hil , 1968.

Malvino, Albert & Leach, Donald, Di
Principles and Applications, McGrawN
Hill, 1969.

O

-

ital.

N
Manasse, Akins & Gray, Modern Transistor

Electronics Analysis & Design, Prentice-

Hall, 1967.

Marcus, Abraham, Electronics For Technicians,
Prentice-Hall, 1969.



-
Mitchell, Brinton, Semiconductor Pulse Circuits

with 'Experiments, Holt, Rinehart & Wi ston,

1967..-

Millman, Jacob kTaub, Herbert, Pulse,Digitaligital

and Switching.Waveforms, McGrawHill, 1965.

Millman, Jacob & Holkias, Christos,'Electronic
Deyines4nd-.Circuits, 1967.-

..... .

New,York_Institute of Technology, A Programmed
Coufgeln Basic,ErettronicsI-McGraw-Hill,
1964:

New YOrkAnstitute of- Technology, A Programmed
Course in Basic Transistors, McGraw-Hill,
1964.

Oppenheimer, Samuel, Semiconductor Logic 4
Switching Circuits, Charles E. Merrill'Publ.

&1istenbatt,'M., Transistor
Physics and Circuits, Prentice -Hail, 1966.

41.qianowitz, H.. Alex, and Puckett, Russell,
Introduction to Electronics, John Wiley &

' Sons, 1968.

Ryder, John D., ElectronidXundamentals and
Applications, Prentice-Hall1970.

Schuster, Donald, Basic Electronic Test
Equipment:' Programmed Introduction,
McGraw -Hill; 1968.

. .

Stanton, William A., Pulse Technology, John
Wiley & Sons, 1964.

Summer, Steven; Eieafaic Sensing Controls,
Chilton Book Co., 1969.

TexasInstruments, Transistor Circuit Design;
McGraw-Hil, 1963.

ToccI, Renald Fundamentals of Electronic
Devices, Charles E. Merrill Publ. Co.,
1970.

Turner, James., Digital Computer Analysis,
'Charles E. Merrill Publ, Co., 1968.
.

Wilcox, Glade, Electronics For Engineering
-Technology, Allyn & Bacon,.1969.

Zeines, Ben, Electronic Communication's
Systems, Prentice-Mall, 1970:

PROGRAMMED TEXTBOOKS

Dunn;-Wafter L., Introduction to.Digital Computer
Problems Using Fortran IV: A Self-Instruction-
al Programmed Text,,McGraw-Hill, 19691

-Englander, Herman & Saxon, JaMes, The'Slide
Rule: A Serf-Instructional Programmed Manual,
Prentice -Hall, 1966..

_

Farina, Mario V., Fortran IV self-Taught,
Prentice-Hall, 1966. .

Corp., Mathematics For Elec-
tronics: A Self-Instructional Programmed
Manua Prentice-Hall, 1965.

Federdl.Eleetric. dotp., Special Purpose Transis-

tors:_A Self-Instructional Programmed
Manual, PrenticehHall, 1966.

Hauck,'W."ind Reigh, M., Brief Algebri.RevieW
Manual: A Program for Self- Instruction,

McGraw-Hill, 1966.

"Hoernes, G. and Heilwei,l, M., Introduction to
Boolean Algebra and Logic Design-A Program
for Self-Irstructionf McGraw-Hill, 1964.

Mittelstadt, W.S., Basic Slide'Rule Operation,
A Program for Self-Instruction McGraw-
Hill', 1964. t-

New York Institute of
grammed Course in
McGraw-Hill, 1970.

New York iristitute of
- grammed Course

Pro -

in

McGraw -Hill, 1954

New York Institute of
grammed Course in
McGraw-Hill, 1964

Technology, A Pro:-'

Basic Electricity,

- -

Technology, A Oro--

basic Transistors,

Technology, A Pre-
Basic Electronics,

,

. -

New York Institute of Technology, Algebra
analrigondmetry: A Programmed Course
with Applications, McGraw-Hill, 1970.

Philco Technological Center, Electronic
jrouble-shooting:-A Self- Instructional'
Progracmed Manual, Yrentice-411,-1966,

RCA Institute, Basic Electronics "Autqtest"- ,

A ProgrammedCour5e in Circuits, Prentice-
Hall, 1965.

RCA Service Company, Fundamentals of
Transistors: A Programmed Text, Prentice-
Hall; 1966

Selby, Peter, Logarithms Self-Taught (Programmed)
McGraw-Hill, 1964.
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Stium, Robert & Ward, John, The Signal. Flow
Graph inLinear Systems Analysis: A
Programmed - Text,,. Prentice -Hall, 1968. ft

Strum, Robert .& Ward, John, LaPlace Transform
Solution-of Differential Equations:A
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